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Space Environments, Microgravity, Materials 
Discussed 


Space Utilization Plans 
43067611 Tokyo CERAMICS JAPAN in Japanese 
Apr 87 pp 262-268 


[Article by Tetsuhisa Shirakawa, Office of Space Station 
Program, Research and Development Bureau, Science 
and Technology Agency: “Japanese Space Activities and 
Utilization of Space Environment”’] 


[Excerpts] Space utilization used to be an issue in fields 
such as communications, broadcasting, and meteorolo- 
gy. Such space utilization counts on the high “altitudes” 
of artificial satellites. Recently, additional interest has 
been shown in the utilization of such aspects of the space 
environment as microgravity and high vacuum. More 
concretely, interest is present regarding the possibility of 
material development, e¢.g., crystal growth, in a micro- 
gravitational environment where there is little difference 
in gravity between different materials and where no 
thermal convection is caused. 


Movements in that direction are already active in the 
United states and Europe. In Japan, they are also tack- 
ling space environment utilization, regarding it as a new 
field of space utilization, coming after rockets and arti- 
ficial satellites. This paper will discuss the present status 
of Japanese space utilization programs (Figure 2). 


3. Future Space Experiment Plans of Japan 


Craracteristios of space envirannent 


688 ke 
Orbital inalination: 28.5% 
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3.1 First Material Processing Test (FMPT) 


The FMPT is the first space experiment plan to be 
carried out by Japan utilizing the Spacelab. It is sched- 
uled to be conducted in 1991. 


To decide on the contents of the FMPT, a special section 
for determining the subjects for the first material exper- 
iments (headed by Shinroku Saito) was inaugurated 
within the space development committee in December 
1979. Subsequently, in July 1984, a total of 34 experi- 
ment subjects comprising 22 material experiment sub- 
jects and 12 life science experiment subjects were 
selected by studying the proposals sent in from through- 
out the country. The main conditions which had to be 
met for each subject to be selected were as follows: the 
experiment is expected to produce great scientific and 
technological benefits; the technique required to carry 
out the experiment is available; and the experiment does 
not involve any safety problems. 


The Japanese scientists to be sent into space to carry out 
the FMPT have already been selected and other prepa- 
rations are progressing; development of the experiment 
equipment to be loaded in the Spacelab is in progress 
and preliminary experiments are being conducted. 


3.2 IML (International Microgravity Laboratory) Plan 


The IML plan is to be carried out under international 
collaboration utilizing NASA's Spacelab. Whereas 
NASA offers space flight opportunities, the countries 
participating in the plan are to prepare the apparatus to 
be installed in the Spacelab for shared use by scientists of 
both the participating countries and the United States. 
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In this way, opportunities for carrying out space experi- 
ments can be created efficiently for the respective par- 
ties. At present, the IML-! plan is scheduled to be carried 
out in April 1980. Subsequent flight plams are being 
studied. Japan's participation in the IML plan is being 
negotiated between Japan and NASA. 


4.3 Space Station Mission Requirements of Japan 


The space station program offers diversified experiment 
means to the users. An important factor of the program 
is determining the users’ technical requirements. To 
probe the users’ requirements, the special section for the 
space station program conducted a survey, including 
researchers working at national laboratories and univer- 
sities, and different private institutions, in June 1983. 
Through the survey, a total of 165 research subjects were 
brought forth. The special section classified them into six 
fields: scientific observation, earth observation, commu- 
nications, material experiments and production, life 
science, and scientific engineering. Eventually, they were 
further boiled down into 38 subjects comprising Japan's 
space station mission requirements (Table 2). 


To make Japan's participation in the space station 
program significant, it is essential that the users’ require- 
ments be adequately reflected in the space station design. 
Based on such recognition, a space station utilization 
program (mission requirement) workshop was inaugu- 
rated in October 1985 in order to deepen the users’ 
understanding of the space station program and to grasp 
their technical requirements so that the requirements 
would be reflected in the preliminary design. The work- 
shop has already been held five times. In the first session, 
another survey of users’ needs was conducted to update 
the mission requirements. As a result, 162 additional 
subjects were proposed. Of them, the proportion of those 
by researchers in the private sector was as high 
as double that recorded in the first survey. Namely, 
about 40 percent of the new proposals were made by 
private-sector researchers. Therefore, it is assumed that 
the space station utilization plan is being recognized by 
the population with increasing familiarity (Table 3). 


The space station utilization plan is still just taking shape 
in Japan, and many more ideas for space station utiliza- 
tion are yet to be brought forth. We, therefore, count on 
the prospective (or potential) Spacelab users to come out 
with more original subjects of research to make the most 
of the space environment. 


4.4 Japan's Participation Pian 


In an interim report on Japan's participation in the space 
Station program compiled by the special section for the 
space station program, it is stated that, in participating 
in the program, Japan is to build a multipurpose exper- 
iment module (JEM: Japanese experiment module) 

which can meet the extensive needs of Japanese Spacelab 
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Initially Additionally 
proposed 








proposed 
subjects sudjects 
uy (2) «i « 2) 

Solentivic engineer 1 9% (5.3% 
Life science 24.8 31.5 ZB.1 
wea tee beg ~ O18 3.9 23.9 
Conaunications 4.8 4.3 4.6 
Earth observation 10.9 14.2 12.5 
Scientific observa- 7.9 1.2 4.6 
tion a 
Total subjects 165 162 327 
Private enterprises 18.1% 39.5% 23.8% 
a labore- = 49.8 27.2 3.5 
Universities 19.4 24.1 21.7 
Public agencies 1.8 0.6 1.2 
Special corpora- 10.9 8.6 9.8 
tions 


16 162 327 


Total subjects 


users while enabling Japan to accumulate space technol- 
ogies. The JEM consists of a pressurized section, an 
exposure section and a supply section. Each section is 
outlined in the following. 


(1) The pressurized section is a laboratory where crew- 
men can make experiments in their ordinary attire. It is 
to be used for material experiments and life science 
experiments made in a microgravity environment. 
Manipulator operation for conducting experiments in 
the exposure section is also to be performed in this 
section. 


(2) The exposure section consists of a laboratory table 
exposed in space. It is to be used to make scientific 
observation, earth observation, communications experi- 
ments, scientific and engineering experiments, and some 
material experiments. 


(3) The supply section is used to supply, house, or 
transport samples, gases or apparatus for use in the 
experiments mentioned above. 


4.5 Significance of Japan's Participation 


Japan's participation in the space station program will 
enable scientists to stay in the laboratory in space for 
extended periods of time, enhancing the power supply 
and enlarging the work space available to them, and 
thereby allowing the sphere of their space activities to be 
drastically expanded. Its participation in the space sta- 
tion program is, therefore, expected to cause new knowl- 
edge and information to be obtained in the field of space 
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Field Subject Outline 
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Figure 6. Components of Space Infrastructure 


science, including astronomical and terrestrial observa- 
tion. It is also expected that such new knowledge and 
information will prove useful in advanced technological 
fields, for example, in the development of new materials 
or in the production and refinement of medicines in a 
microgravity environment. Therefore, Japan's participa- 
tion in the space station program is expected to result in 
the creation and enlargement of a new sphere of indus- 
trial activities. Developing a space station, on the other 
hand, must be accompanied by a high level of techno- 
logical development, so that it may eventually contribute 
toward further advancing scientific technologies. The 
space station program may be said to call for the building 
of an asset of mankind in space by international coop- 
eration. We think that participating in such a program 
will give Japan opportunities to play an increasingly 
greater role in invernational society. 


5. Future Space Infrastructure 


As mentioned above, Japan will build a multipurpose 
experiment module (JEM) while participating in the 
space station program. In the United states as well as 
Europe, expectations for future space utilization have 


recently been rising conspicuously. In the “Space Fron- 
tier Development,” a report compiled by the national 
space committee of the United States in 1986, subjects to 
be promoted in the next 50 years are indicated. The 
subjects range over diversified ficids. They include trans- 
portation along orbits around the earth, as well as 
between planets, and the construction of space ports and 
stations on the moon and Mars. 


As for the direction of future space development, Japan 
is at the stage where it has started planning. As the needs 
for space activities increase in the future, it will become 

tly necessary for Japan to put in order a new space 
cinaeaen incorporating for example, a transporta- 
tion system, a communications system, and space facto- 
ries, needed to support enhanced space activities (Figure 
6). 
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Space Plan FMPT 
43067611 Tokyo CERAMICS JAPAN in Japanese 
Apr 87 pp 269-276 


[Article by Toshihiko Kikuyama, National Space Devel- 
opment Agency of Japan (NASDA): “Curious Phenom- 
ena in Space Environment and Their Applications to 
Space Experiments”] 


[Excerpt] 4. Japanese Space Experiments—First Mate- 
rial Processing Test 


In Japan, the National Space Development Agency is 
playing a central role in promoting the planning of space 
experiments to be conducted utilizing the Space Shutt- 
le/Spacelab. The plan being promoted is called the First 
Material Processing Test (FMPT). According to the plan, 
Japan is to install its experiment apparatus in the Spa- 
celab, occupying about half the space available there, 
with the experiments conducted by a Japanese astronaut. 


Figure 3 shows a flowchart of the FMPT plan from 
experiment subject selection to experiment apparatus 
fabrication, astronaut screening and training, Space 
Shuttle launching, space experiment, and experiment 
result analysis. 


4.1 Experiment Subjects for FMPT 


For the FMPT, 34 experiment subjects have been select- 
ed. They are broadly classified into two groups, one 
comprised of 22 material experiment subjects, and the 
other consisting of 12 life science experiment subjects. 
The 22 material experiment subjects are outlined in 
Table 3. All the material experiment subjects selected are 
intended to make use of the foregoing effects of a 
microgravity environment. The life science experiment 
subjects also are largely comprised of ones utilizing the 


ADVANCED MATERIALS 






























Late sccess 
Bielesical 
samples, ete. 


}-+—- es » | 








Figure 3. Flowchart of Japanese FMPT (First Material 
Processing Test) Program 


effects of a microgravity environment, but they also 
include, for example an experiment to observe the effects 
of cosmic rays on living things and another experiment 
to investigate the mechanisms of living things’ body 
clocks; the latter experiment makes use of the fact that 
the Space Shuttle circles the earth every 90 minutes, 
letting the day and night cycle repeat 16 times every 24 
hours. 
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M-12 Research involv- 
ing liquid-phase sinter- 


Proposed by 
Tomoaki Yamada. 


Naohiro Soga. Kyoto 
University 


Nobu Nishi 
Tokyo University 


Akihiko Kamio, Tokyo 
Institute of Technology 


Asao Suzuki, Tokyo 
Institute of Technology 


Hidero Obara, Tokyo 
University 


Yoshihi 
Osaka University 


Nobuhiko Wada. 


Nagoya University 


Experiment Apparatus 
Temperature ent- 


type electric 
Image furnace 


Image furnace 


Contunuous-heat ing 
electric furnace 
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Table 3. Outline of Subjects for FMPT in Material Science Field 


Field Involved 
Infrared sensor 
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Table 3. Outline of Subjects for FMPT in Material Science Field 


Subject Number/Sub- Proposed by Experiment Apparatus Field Involved environment 
ject pane Ae Seed 
M-15 Research involv- Tatsuo Yamanaka, Liquid drip manipula- Technique forhandling Containeriess, contact- 
ing behavior of liquid National Acrospace tion cxpermment appa- liquid using no con- less condition 
dnps in sound wave Laboratory, STA ratus lainer 
their acoustic interfer- 
ence history 
M-16 Analysis of bub- $Hisao Azuma, Fluid-physical experi- Development of fluid No buoyancy 
ble behavior in field National Acrospace ment apparatus apparatus for use in 
eneneenes ay Ge. Laboratory, STA space 
perature gradsent 
ultrasonic standing 
wave 
M-17 Research involv-  Junji ee. Sound wave floating Infrared | crn, ee, ce 
invisible-range Agency ndustnal furnace optical condition 
ay. 
M-18 Research involv- Shintaro Shioji, Ishika- Fluid-physical experi- Material production in No thermal convection 
Marangony con- wayima-Harima Heavy ment apparatus space 
vection in maternal I 
production process 
under 
M-19 Research involv Ono. Improved alloys, func- No thermal convection 
apes oe Institute of Technology tonal 
microgravity electric furnace 
M-20 Samarskitei syn- Shunji Takegawa. Image furnace High-efficiency cata- No specific-gravity dif- 
Research in 
oe ‘ais, STA 
M-21 Growth of Hiroyuki Anzai, Organic crystal growth Superconductors, ciec- No thermal convection 
Seppe maa ony Agency of Industrial experiment apparatus tronic functional mate- 
im mucrogravity Scrence and Technolo- nals 
environment gy. MIT! 
M-22 Production of Shigeo Murai, Sumi- Temperature ient- Laser emitting/receiv- No specific-gravity dif- 
semicon- tomo Electric Indus- type electric Ay hence 
ductors in mi v- ines 
ity environment (Re- 
search involving 
InGaAs) 
"STA: Science and 
Technology Agency 
4.2 Experiment Apparatus 


Table 3 also lists the experiment apparatus to be pre- 
pared for conducting the experiments under the FMPT 
image furnace, continuous-heating electric furnace, and 
the high-temperature pressurization-type electric fur- 
nace are going to be used in experiments fir two or more 
subjects. Figures 4 and 5 illustrate single< rystal produc- 
tion using the temperature gradient-type electric furnace. 
Figures 6 and 7 show single-crystal production by the 
floating zone-melting method using the image furnace. 
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technical RAD. cases often occur in which, although the 
progress of the RAD work on a certain idea is slow when 
the feasibility of the :dea s uncertain, the same work can 
be advanced with relative ease once the idea is deter- 
mined to be feasible. 


As for optical fiber Cevelopment, for example, it is 
expected that the potential of fluoride-based optical 
fibers for use as super-low-loss optical fibers will exceed 
fused quartz optical fibers. However, it is more difficult 
to obtain high-purity fluoride-based optical fibers, so, in 
the present stage, fluonde-based optical fibers are about 
‘0 times inferior to fused quartz optical fibers in terms 
of performance. 

if fluoride-based glass with super-high purity can be 


produced without using a crucible in a space expe-inient, 
and if the glass produced, even if its amount i« very 


endeavor to develop super-low-loss optical fibers for 
practical use. 


electron-dependent 
computers, high-performance solar cells, superconduc- 
tors, light and strong materials for aircraft, spacecraft or 
space structures, and medicines. 
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Amorphous Semiconductors Made in Space 
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Figure 8. Material Experiment Apparatus for First Material Processing Test (FMPT) 




















ADVANCED MATERIALS 


JPRS-JST-88-001 
3 March 1988 


—= 











1 





we a 





Figure 9. Life Science Experiment Apparatus for First Material Processing Test (FMPT) 

















2. Reasons For Si-As-Te 
Being Selected as experiment 


The Si-As-Te amorphous semiconductor is chalcogenide 
glass composed of bonding arms of 4, 3, and 2 coordi- 
nation systems, respectively. It is produced by the melt 
quenching method. In Figure |, the vitrification range of 
the Si-As-Te system is shown inside the Gibbs triangle. 
The electrical and optical properties of the system can 
vary widely, for example, as shown in Figures 2 and 3, by 
changing composition inside the relatively wide vitrifi- 
cation range. For example, the forbidden bandwidth can 
vary from 0.6 eV to 2 eV to cover the physical property 
constants equivalent to those of other semiconductors, 
ranging from single-crystal Ge and Si to GaAs. There- 
fore, its basic properties make it widely usable as a 
material for various electronic devices. 


However, there is a drawback to the amorphous semi- 
conductor due to the fact that the elements, Si, Te, and 
As, to be mixed to form the amorphous semiconductor 
vary considerably in melting points and specific gravi- 
ties. Namely, as shown in Table |, the meiting point of 
Si, whose specific gravity is small, is as high as 
1,412SDC, and it must be mixed with Te and As, each 
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5 
Relative tenserature (1/7 (X107/K)) 


Figure 2. Dependence on Temperature of the DC Elec- 
trical Conductivity of Si-As-Te Chalcogen semiconduc- 
tors The broken line indicates silicon single crystal 
properties for comparison. 


having a larger specific gravity. Even if the three ele- 
ments are heated prior to mixing at a temperature not 
lower than their eutectic temperature, i,100SDC, for 20 
hours or more, they do not make a homogeneous mixture 
easily. There are more technical problems. For example, 
it has not been ascertained if the mixture of the three 
elements is adequately vitrified in an ampule by the 
conventional melt quenching method. The experiment 
producing an amorphous semiconductor in space using a 
rocket was planned to initiate research on very impor- 
tant os in sold state physics—test-manufacturing an 

ideal amorphous semiconductor system in a micrograv- 
ity environment in space where homogeneous element 
mixing is possible and determining whether it is possible 
to control valence electrons on the amorphous semicon- 
ductor by adding impurities, such as Ni and Mn. In 
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Vavelenstn 
Figure 3. Optical Transmittivity Spectra of Si-As-Te 
Chalcogen Semiconductors and Single-Crystal Silicon 


As seen from the above diagram as well as that shown 
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planning the experiment, it was also taken into consid- 
eration that such an amorphous materia! would proveu- 
seful in an extensive range of applications, that the 
physical properties of the material woud be widely 
controllable, and that the microgravity environment 
would be greatly advantageous to experiments con- 
ducted in space. 


Table 1. Melting Point and Specific Gravity of Each Element 


Comprising Si-As-Te 
Item Si As Te 
Melting point SDC 1,412 8i7 449 
Density (g/cm? 2.33 $.72 6.24 


3. How Sample for Use in TT-SOOA Rocket experiment 
Was Prepared 


The sample used in the TT-SO0A rocket was prepared by 
mixing the three elements at an atomic mole ratio of 
Si(9)-As(14)-Te(21). The composition is equivalent to 


7 
(inner length of 33 mm). The ampule used i 
experiment conducted in TT-SOOA No 8 con 
powdered sample with a net weight of 2 g; the one used 
in the experiment conducted in TT-SOOA No 12 con- 
tained 3 g of powdered sample. 


sisted of an electric furnace, an electronic control device, 
a control program, a temperature and power control 
device, a battery unit for the experiment conducting 
section, and a cooling system assembly. 


The electric furnace was developed by the National 
Space Development Agency; it modified the ground 
experiment furnace developed by the National Research 
Institute for Metals of the Science and Technology 
agency, making it suitable for installation in the TT- 
500A rocket. The furnace measures 256 mm in height 
and 122 mm in diameter (Figure 4 for its cross-sectional 
view). Its crucible, made of carbon, measures 17 mm in 
diameter and 60 mm in length. The inner area of the 
crucible used to keep the sample measures 10 mm in 
diameter and about 40 mm in length. The sample for use 
in the experiment was sealed in a quartz ampule niea- 
suring 9.5 mm in diameter and 38 mm in length, and the 
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Valve drive signal 


Figure 5. Block Diagram of Experiment System 
Installed in TT-SOOA Rocket 


The electronic control device was comprised of a micro- 
computer incorporating an 8-kilobit RAM and a 33- 
kilcbit PROM. It was designed to control such events as 
the start of sample heating and that of cooling, and also 
to control the electric furnace temperature according to 
the control program loaded from ground equipment 
prior to launching. 


4. TT-SOOA Rocket and Its Flight Test 


The TT-SO0A rocket is an improvement on the TT-500 
rocket, Nos | through 7, which were launched by the 


14 





on the launching site. The TT-SOOA was designed to 
enable in addition to testing of the tracking 
material experiments in space and recovery of the rock- 
et’s nose portion from the ocean. The overall shape of 
the rocket is shown in Figure 6. It is a two-stage rocket 


ey ae ee De 


material experiment apparatus, and devices to enable 
recovery of the rocket. 


The TT-500A rocket No 8 was launched at 7:00:01 (time 
X) am on 14 September 1980. The flight orbit and flight 
sequence followed are shown in Figure 7. Its first-and 


electric furnace installed in the rocket to carry out an 
experiment involving amorphous semiconductor pro- 
duction reached the target temperature range of 
1,250SDC +/-SOSDC about 185 seconds after time X. It 
then maintained a uniformly heated state at about 
1,260SDC for the period from (X + about 195 seconds) 
to (X + about 356 seconds). Furnace cooling by means of 
helium gas was started at (X + 355.8 seconds). When the 
cooling ended at (X + 485.8 seconds) the furnace tem- 
perature was about 790SDC. The transition during the 
experiment involving the electric furnace temperature is 
shown in Figure 8. After completion of the experiment, 
the nose portion of the No 8 rocket reentered the 
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Figure 6. Overall Diagram of TT-SO0A Rocket 
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Figure 7. Outline of TT-SOOA Rocket Launch Schedule 


atmosphere to be pneumatically decelerated. Subse- 
quently, it shot out and let flare a drogue parachute, then 1500, 
a main parachute. it eventually splashed down in the 
ocean about 505 km east of Tanegashima Island approx- 
imately 768 seconds after time X. After the splashdown, za 
its flotation system worked as intended until it was 
recovered by the recovery ship at 11:38 am. 


Data regarding temperature control of the amorphous ny 

semiconductor production furnace used in the experi- 2 

ment conducted in the TT-S00A No 8 rocket are shown 130} 
| 500+ 
= 


‘\ 
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in Figure 8. The sample temperature was raised to 
1,2$0-1,270SDC (1,280-1,290SDC in the experiment 
conducted in the TT-500A-12) in about 2 minutes after 
beginning the sample heating. It was then kept in a 
molten state for about 3 minutes under a microgravity of 
10* to 10°. Next, it was cooled to about 800SDC in 
about 3 minutes, using helium gas to turn it into a solid 
amorphous semiconductor. the sample-containing 
ampule that underwent the above-described amorphous 
semiconductor production process and was later recov- 
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ered is shown in Figure 9 [omitted] along with other Tine (s) 
ampules [one which underwent the same process per- 
formed in another space experiment and two more 
ampules, each containing an amorphous semiconductor Figure 
produced on the ground]. Although the amorphous semi- Furnace Used for Amorphous Semiconductor Production 
conductors produced on the ground are stuck in the Experiment Using TT-S00A Rocket 
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bottoms of the empuies, those produced under micro- 
gravity in space appear to be entirely spread in the 
ampules. 


5. Results of Analysis of Sample Processed Under 
Microgravity 


solidified in the bottoms of the respective ampules, as 
shown in Figure 9. 


In Figure 10 [omitted], microphotographs (5x) of pol- 
ished surfaces of two amorphous semiconductors, one 


structure can be judged according to the halo image 


results of the gDA comparison made among the spectra 
of the three samples. as the table indicates, the value of 
gDA was 32 for the sample produced through 2-minute 
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Figure 17. Comparison Through Differential Thermal 
Analysis of Effects of Si-As-Te Amorphous Semiconduc- 
tors Produced in Ground Experiments 


of solid structures. Figure 17 shows the results of differ- 
ential thermal analysis conducted on Si-As-Te amor- 


point right above the glass transition temperature Tg. it 
is observed that the peak grows larger as the heat and 
thermal treatment time are increased. In other words, it 
can be said that the magnitude of the endothermic peak 
is proportional to the magnitude Es of the energy differ- 
ence between glass phase I and II, shown in Figure 16, 
and, therefore, that a larger value of Es represents a 
higher degree of structural amorphousness. 


Figure 18 shows the results of differential thermal anal- 
ysis conducted on the sample produced in the TT-SOOA 
No 12 rocket and another sample produced in the 
author's laboratory on the ground. As is c‘ear from the 
figure, the amount of heat absorption (reprisented by the 
hatched area) by the sample produced in space is about 
180 percent larger than that by the sample produced on 
the ground. Therefore, it is indicated that the sample 
produced in the space experiment is a better amorphous 


5.2 Electrical and Optical Properties 


The characteristics of an amorphous semiconductor can 
be analyzed most sensitively by measuring its electrical 
and optical properties. However in the present case, with 
only one sample having been produced in each TT-SOOA 
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Figure 18. Results of Differential Thermal Analysis 
Conducted on Samples Produced on the Ground and in 
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experiment, it will take more time to analyze in detail the 


Samples Produced on the Ground and in Space 


So far, we measured the DC electrical conductivity gs,, Im Figure 19, optical absorption coefficients measured 
at room temperature, its temperature-dependence acti- on the sample test-produced in the TT-SOOA No 12 and 
vation energy and the optical forbidden band- § another sample produced in an experiment conducted 
width B¢..o:) Of each sample. In Table 3 the results of | n the ground are compared. 

such measurements i 


from the four samples alone. At any rate, the data inset in Figure 20, the log gs,, curve of the sample 
obtained so far is described as follows: produced in the rocket rises 
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SA ty ver) OV) tw CV) ELV) Sun (V) 





TT-S00A-8 17 (1.9 x10") (0.615) 1.01 = - 

TT-500 A-12 - 1.20x10* 0.720 1.01 0.069 1.3% 
Lab (2 min) 2 1.58x10" 0.613 1.0 0.088 1.2 
Lab (18h) 21 2.6x10" 0.710 1.@ 0.059 1.28 























ground and in the TT-SOOA Nos 8 and 12 rockets in 
space are listed in Table 3. 





ADVANCED MATERIALS 


research involving the development of material for 
three-dimensional ICs to meet the engineering needs of 
future electronics. Their concrete goal was to obtain a 
homogeneous alloy structure, as pursued in alloy produc- 
tion, making sue of a microgravity environment in which 
i between materials in specific gravities and 
melting points would be eliminated. Although the num- 
ber of experiments conducted were very few, the author 
feels that the experiments produced valuable data as 
expected. 


Since the experiment in space was conducted only twice 


4. Nunoshita, M., and Hamakawa, Y., J. NON-CRYST. 
SOLIDS, Vol 13, 1975, p 753. 


Containeriess Glass Melting 
43067611 Tokyo CERAMICS JAPAN in Japanese 
Apr 87 pp 286-290 
[Article by Toru Komiyama, Junji Hayakawa, and Mis- 
aki Makihara, Government Industrial Research Insti- 


[Excerpt] The First Material Processing Test (FMPT), 
scheduled to be carried out in 1991, is the first full-scale 


space experiment ever planned by Japan. Among the 
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optimal glass composition, preprocessing of the raw of the glass to decline. Fi 3h - sivity 
curve of glass made of CaO-Ga,0,-GeO, in the ultravi- 


Eventually, we selected a CaO-Ga,0,-GeO, system, the balance between the force of the earth 
whose maximum of issible infrared and the centrifugal force of the Space Shuttle. Therefore 
rays is comparatively long and which is relatively easy to the "i to an object installed in the 


is eliminated through containeriess melting is worthy of | pressure which serves as such a counterbalancing force 
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Figure 2. Platinum Corrosiveness of Ca0-Ga,0,-GeO, 


by using compression sound waves. Figure 4 is a sche- 


| 
it 
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range of 10 to 15 kHz according to the gas temperature 
(sound velocity) distributi eceielen @ , 
wave with a wavelength of 2 cm. It poses some problems 
in maintaining a standing wave at high temperatures. 

















Figure 4. Schematic Diagram of Sound-Wave Floating 
Furnace 


For the space experiment, a ball of raw material for 

measuring about 10 mm in diameter, is to be ina 

cage, about 25 mm in diameter (made of platinum wires 

with a diameter of 1 mm), beforehand, which will 

be moved to the focal point of the image 
in 
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having the feeling of being in space. 


In addition, since the total electric power available for 
experiments is limited to 10 kw, even for the space 
eee ee ee ee ee eee 


2. Moriya, Y., Komiyama, T., and Hayakama, J., Texts 
Space Researchers General Conference 


Experiment ’ 
Second Meeting, 1981, p 7; third meeting, 1981, p 73, 
fourth meeting, 1983, p 28. 
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.5a,Te Crystal Growth in Space 
43067611 Tokyo CERAMICS JAPAN in Japanese 
Apr 87 pp 291-296 
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Figure 1. Po Te-SaTe i’suedobinary System Phase Die- 
gram (Pb, ,Sa, ,:¢ is the composition adopted for the 
experiment to be conducted under the FMPT program) 


In determining for space experiments, it is 


subjects 
necessary, while attaching importance to the significance 


Figure |, it remains a solid solution over the entire molar 
fraction 
less than 


0 is equal to or less than «x is equal to or 
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Figure 2. Dependence on Band Gap on Composition at 
Room Temperature and 77 K 

which permits p and n control. Detailed analysis of its 

ature point along the solidus curve occurs slightly on the 





its crystal, heat-treated to hold the carrier density at | x 
10'*cm’ or less, is | x 10°%em’/V's or more at 4 K. 
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Figure 3. Band Gaps of Principal Semiconductors 


along the same wavelength band as Pb, _.Sn, Te, but the 
latter is superior to the former in terms of luminous 
efficiency. The infrared ray detectors incorporating Pb,. 
«Sn, Te are mainly of the type which uses photovoltaic 
effects. However, Pb, Sn. Te, with its dielectric con- 
stant, 400, being about 20 times larger than that of 
Hg,.,Cd, Te, is inferior in terms of response speed, so 
that not many infrared ray detectors incorporating Pb,_ 
«Sn, Te are in use. If such detectors can incorporate tow 
or more detection elements arranged for parallel opera- 
tion, their low response speed can be made up for by 
processing signals in parallel. The output power of the 
Pb,_.Sn, Te laser is about 10 mW at present. To develop 
a more powerful laser, quality substrate crystal, whose 
composition is identical to that of epitaxially grown film, 
is required. Furthermore, to enable arrayed detection 
elements to be used, it is necessary to make available 


large single crystals with uniform composition. 


3. Significance of Space experiments 


So far, various methods of growing single Pb, _.Sn,Te 
crystals have been developed. Such methods include the 
Bridgman method, the Czochralski method, and the 
vapor phase growth method. Although the different 
methods have different advantages and disadvantages, 
crystal composition and defect control are difficult with 
any of them. At present, there is no method available by 
which large and high-quality single crystals of Pb,. 
«Sn, Te can be obtained. 


The occurrence of thermal convection in a crystal- 
growing system is a factor on which the nonuniformity of 
crystal composition and crystal defects are largely depen- 
dent. Since thermal convection is suppressed under 
microgravity, it is expected that better crystals will be 
grown in space. 


In the crystal growth experiment being planned for the 
FMPT, single-crystal growth will be attempted by the 
Bridgman method. For the sample composition, the 
value of x has been determined to be 0.2 This is the 
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Figure 4. Schematic of Crystal Growing by Bridgman 
Method 





composition needed to obtain a band gap of 0.11 eV 
(11.3 gmm wavelength) at 77 K. Figure 4 is a schematic 
diagram of the crystal growing system to be used in the 
experiment. In the system, the melt is to be solidified 
gradually from one end toward the other, gradually 
becoming crystalline. The speed of crystal growth is to be 
adjusted by controlling the moving speed of the temper- 
ature gradient-type electric furnace. 


When a mixed crystal, like Pb, _.Sn,Te, is grown from a 
melt on the earth, the crystal composition varies with the 
solidification ratio, as shown in Figure 5. Such changes 
in the crystal composition are phenomena attributable to 
the combination of segregation occurring when the melt 
is crystallized and the thermal convection taking place 
within the melt. When Pb,..Sn,Te is crystallized, the 
density of PbTe tends to become higher than that of 
SnTe. Therefore, in the melt, the SnTe density tends to 
grow higher. When the crystallization occurs on the 
earth, where thermal convection is caused, the excess 
SnTe is mixed with the remaining melt by agitation 
caused by thermal convection. Therefore, as the crystal 
growth progresses, the SnTe density in the melt rises. As 
a result, the SnTe density (Cs) in the crystal being grown 
also increases. The value of Cs is expressed by the 
equation, Cs = kC,(1-g)*"'. In the equation, k represents 
the segregation coefficient, C, represents the initial SnTe 
density, and g represents the solidification ratio. The 
manner in which the solute density changes is illustrated 
in Figure 6(a). 
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Figure 5. SaTe Density Distribution Along the Axis of 
Single Crystal Growth From Pb, ,Sn, ,Te Melt 


Under microgravity, the excess SnTe is mixed into the 
remaining melt only by the diffusion effect. As crystalli- 
zation of the melt advances, the SnTe density at the 
melt-crystal interface increases until it becomes equal to 
Co/k. After reaching the value of C,/k, the SnTe density 
is kept constant in a stationary state. Such a process is 
illustrate in Figure 6(b). When the stationary state is 
maintained, the SnTe density in the composition of the 
crystal grown remains Cy, and the amount of excess 
SnTe which is released at the melt-crystal interface as the 
melt is crystallized is balanced with the amount of SnTe 
transferred into the melt by diffusion effects. Such an 
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equilibrium state is created when the crystallization 
speed is made higher than the speed of SnTe transpor- 
tation by diffusion. The single crystal grown in such a 
State is expected to contain a uniform-composition por- 
tion. The crystal composition distribution expected to be 
achievable in such a state is shown by the broken line in 
Figure 5. 


Melt agitation by thermal convection results in mixing 
the low-temperature melt existing around the melt-crys- 
tal interface with the high-temperature melt existing 
away from the melt-crystal interface, causing tempera- 
ture fluctuation in the melt. Such melt temperature 
fluctuations sometimes speed up the crystal growth and 
sometimes cause the grown crystal to melt again. Fluc- 
tuations in the crystal growth speed lead to local nonu- 
niformity of the temperature crystal composition, 
referred to as striations. Such nonuniform crystal com- 
position leads to the creation of dislocations. In a micro- 
gravity environment, melt temperature fluctuations due 
to thermal convection do not take place. Therefore, it 
may be possible under microgravity to grow crystals with 
uniform composition and reduce the generation of crys- 
tal defects attributable to nonuniformity of the crystal 
composition. 


In the Pb, .Sn, Te melt with a kinematic viscosity coef- 
ficient several times smaller than that of water, thermal 
convection occurs easily. According to the results of 
simulation using a computer, the estimated gravity at 
which thermal convection is suppressed and at which the 
movement of heat and material due to diffusion becomes 
prevalent in the crystal production system to be used in 
the FMPT is 10°G. Gravity of that order will be 
realizable without difficulty in the Space Shuttle. 


In addition to the nonuniformity of crystal composition, 
thermal and mechanical stresses can also cause crystal 
dislocations. Thermal stresses which cause crystal dislo- 
cations are generated depending on the temperature 
distribution in the crystal being grown. The Bridgman 
method of crystal growing makes use of a temperature 
gradient. Therefore, when the Bridgman method is used, 
crystal dislocations due to thermal stress are essentially 
unavoidable. The density N of dislocations caused by 
thermal stress resulting from the temperature gradient 
utilized in the Bridgman method is given by the follow- 
ing equation: 


neat. STL 2% 1 
t& GS D 





where ga represents the linear expansion coefficient of 
the crystal, b represents the magnitude of Burgers vector, 
dT/dz represents the temperature gradient, gt. represents 
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the critical shearing stress, G,, represents the modulus of 
rigidity, and D represents the crystal diameter. 


In the case of Pb, .Sn,Te, the value for gt/G,,, is very 
small, so that the value of N is determined by the first 
term of the equation; if dT/dz = 40SDC/cm, the value of 
N is calculated as N = 1.4 x 10*""?, 


Table | gives the causes of dislocations in Pb,_.Sn,Te 


crystal and indicates whether such causes can be sup- 
pressed by the effect of microgravity. 
Table 1. Causes of Dislocations in T and 
Whethur Micnegrarity be Eiloctive tn Etkcedaarlag Sok Canons 
Causes of dislocation Whether preventable by micro- 
gravity 

—Fluctuation of Pb/Sn ratio Yes 
caused by crystallization 
—Fluctuation of (Pb+SnyTe Yes 
ratio caused by crystallization 
—Nonuniform composition Yes 
resulting from temperature fluc- 
tuation 
Thermal nonuniformity 

irecti t No 
gradient at melt-crystal interface 

No 

gradient at melt-crystal interface 
—Inadequate annealing after No 
crystal 
Mechanical stress 
_ t Y 

expansion — es 
—Effect of ampule shape No 


Table 2 indicates estimated properties of the Pb, _.Sn, Te 
crystal to be produced under microgravity. It is expected 
that large crystals of highly uniform compositions, as 
good as those produced on the earth by the vapor phase 
growth method in terms of dislocation density and 


carrier density, will be producible under microgravity. 
With regard to the carrier density, it is expected that the 
foregoing mechanism of making the SnTe composition 
uniform in a stationary state also works for the 


capillary 

sured the SnTe density distribution in them, and com- 
pared the results with a theoretical equation which 
relates the solute density distribution in crystal being 
whinge be phy 

diffusion ., Through this process, we obtained (5.3 +/- 0.3) 
x 10°cm */s as the value of interdiffusion constant D. 


(t for time) calculated using the above-obtained value of 
D is 4.4 mm per hour. Therefore, in this case, it is 
necessary to set the crystallization speed at 4.4 mm/h or 
higher. If crystal is grown at a lower speed, the amount of 
SnTe transported by the effect of diffusion from the 
melt-crystal interface into the remaining melt exceeds 
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If the crystallization speed is set too high, it makes the 
crystal growth unstable. To enable stable crystal growth 
at a high crystallization speed, it is necessary to always 
make crystal growth take place at the end of the melt- 
crystal interface by creating a large temperature gradient. 
The effect of the temperature gradient on crystal growth 
is shown in Figure 7. As the crystallization speed increas- 
es, the gradient of solute density distribution around the 
melt-crystal interface becomes very steep. Correspond- 
ingly, the temperature along the liquidus of the melt 
becomes quite dependent on the distance from the 
melt-crystal interface. When the temperature gradient is 
larger than the tangential gradient of the liquidus at the 
melt-crystal interface, crystal growth takes place only at 
the melt-crystal interface. If the temperature gradient is 
smaller than the tangential gradient of the liquidus, 
compositional supercooling occurs around the meit-crys- 
tal interface, causing a nonuniform cell-like crystal to be 
grown. In this case, elements, such as Sn, tend to be 
easily mixed into the crystal as existent at the interface. 
Therefore, for such compositional supercooling to be 
prohibited from taking place, it is necessary to make the 
temperature gradient dT/dz larger than the value of 


mC,(1—k) p : 


where m representsthe liquidus gradient shown in Figure 
1 and R represents the crystallization speed. When 
R = 4.4 mm/h, 


d7/dz230°C/cm 


For the FMPT, our experiment will be conducted with R 
setatS.5 mm/h at a temperature gradient of SOSDC/cm. 


Under microgravity, thermal convection in the meit is 
suppressed, however, if there is a free surface on which 
temperature differences or solute density differences 
exist, convection due to surface tension occurs near 
the melt surface. Such convection is called Marangoni 
convection. Marangoni convection makes up a sort of 
disturbance observed in the melt under microgravity. 
The magnitude of the Marangoni convection driving 
force can be estimated based on the Marangoni num- 
ber Ma. The value of Ma we obtained for Pb,_.Sn,Te 
by measuring the dependence on ‘«™perature of the 
surface tension is two orders of may ‘ude larger than 


the value for the driving force needed to make the 
Marangoni convection as fast as diffusion. In the 
space experiment being planned, it is necessary to 
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Figure 7. Dependence on Temperature Gradient of the 
Occurrence of Compositional Supercooling 


prevent Marangoni convection. We are now working 
On a way to prevent it. 


Other considerations to be taken for space experiments 
include safety measures in case the sample is broken and 
antivibration measures for apparatus protection at 
launch and recovery times. We are working on these 
measures, too. 


5. Experiment Apparatus 


The requirements to be met by the temperature gradient- 
type electric furnace for use in space experiments 
include, in addition to ordinary ones such as a high 
temperature gradient and safety at high temperatures, 
low-power consumption, so that the furnace will be 
usable with a limited power supply, and high stability of 
the furnace movement, so as not to impair the signifi- 
cance of mi vity. We ascertained the technical 
feasibility of such an electric furnace by fabricating and 
testing a prototype. At present, we are in the process of 
developing an electric furnace, as described in Figure 8, 
for use in space experiments. 











Figure 8. Temperature Gradient-Type Electric Furnace 
6. Other Plans 


Other plans have existed for growing Pb, ey 
under microgravity, one of which has already been 
carried out. Namely, NASA and (Vatter) Laboratory of 
West Germany experimented in jointly producing a 
Pb,_,Sn, Te crystal fror: October to November of 1985 
under the Spacelab D-1 project. In the experiment, the 
crystal was grown by annealing the melt while keeping a 
temperature gradient in a fixed furnace. The experiment 
results are expected to be disclosed shortly. In future 
experiments, the furnace movement method is sched- 
uled to be used. NASA will conduct another experiment 
to produce the crystal in the IML-1 project, April 1990 at 
the latest. Vatter Laboratory is scheduled to conduct 
another experiment in the D-2 (July-September 1991) 
project. As for Japanese experiment plans, the Institute 
of Physical and Chemical Research is scheduled to 
experiment in growing crystals using the zone melting 
method under the FMPT program. The Space Environ- 
ment Utilization Research Institute is also planning 
experiments in growing Pb, ..Sn,Te crystal. 


7. Conclusion 


The significance of growing Pb,..Sn,Te crystal under 
microgravity has been discussed, and a plan to conduct 
such an experiment has been outlined. When crystal is 
grown in a microgravity environment, the environment 
is expected to have some favorable effects on the crystal 
py Rg lied og = Joo wetted 

earth. However, it does not mean that growing crystals 
under microgravity will not involve problems. It has 
been stated in this paper that, when crystals are grown 
under mi vity, solute transportation occurs only by 
diffusion Whether such a mechanism will be 
maintained constantly during the experiment also must 
be ascertained. 


From the viewpoint of commercial space-utilization, 
small-scale production of very expensive medicines or 
electronics materials is said to be most promising. To 
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verify the favorable effects of space environment utili- 
zation and pave the way for industrial space-utilization, 
it is necessary to determine problems expected to be 
involved in space utilization and make steady efforts to 
solve these problems one by one. The preparations for 
the FMPT, scheduled for execution in May 1991, are 


microgravity is the true significance of the FMPT. 
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Japanese Space Station Module 
43067611 Tokyo CERAMICS JAPAN in Japanese Apr 
87 pp 297-302 


[Article by Akira B. Sawaoka, Research Laboratory of 
Engineering Materials, Tokyo Institute of Technology: 
“Structural Materials in Space Development] 


[Excerpts] 


1. JEM Construction Plan 


Japan is scheduled to build a space station in the 1990s. 
It will not be a whole space station, but instead a space 
Station module to be docked with the space station 
proper that is going to be built by NASA (National 
Aeronautics and Space Administration). The module to 
be built by Japan is comprised of a space laboratory 
called JEM (Japanese Experiment Module). The total 
cost of JEM, including the cost of experiment apparatus 
to be installed in JEM and the expenses for JEM opera- 
tion in the initial stage, will amount to well over Y300 
billion. JEM will measure about 4 m in diameter and 18 
m in length. A total of four modules, including JEM, are 
scheduled to be docked with the space station proper. 


In 1992, the 500th anniversary of the arrival of Colum- 
bus on the North American continent will be observed. 
The United States is going to build the space station as a 
national project in commemoration of the anniversary. 
President Reagan asked for the cooperation of ESA 
(European Space Agency), Canada, and Japan for the 
project. ESA is also scheduled to build a space station 
module. NASA initially planned to build three modules, 
but the number was reduced to two due to the reduced 
budget. The modules, antennas, generators, etc., are to 
be attached to a rectangular frame measuring 100 m by 
145 m. Canada is in charge of fabricating a large magic 
hand (manipulator). Since the project is dependent on 
a 
made by the participant countries. 


interna 
have 
being 
Phase B of the a a f constituting a preliminary 
design stage, is to be ap thn hg my pet heee 
phase C, for making the basic design, is to be entered 
around the summer of the same year. In the preliminary 

module design stage Ht has already come tobe known 
that the Unind eaten, "ESA, and Japan differ consider- 
dip in teen ft Gatien. conse, Henin Hd be 
been undertaken by the NASDA (National Space Devel- 
opment Agency) of Japan. Figure | shows the JEM 
concept. JEM consists of a pressure cabin, which is to be 
filled with air at | atm, to enable astronauts to work 
there without wearing spacesuit, an experiment table 
exposed to space, and a supply section where apparatus 
and gases are to be stored. JEM is designed so that it can 
be loaded with a wide variety of apparatus to enable 
extensive research and experiments, ranging from mate- 
rial science and life science to astronomical observation, 
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for some 

and then to replace the apparatus as required. A space 
shuttle is to be sent to the space station every 90 days to 
replace astronauts and replenish supplies. NASA asserts 
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Although the project has been facing difficulty in inter- 
national collaboration, the preliminary design of the 
space station is almost finished. Among the project 
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and lacks reliability. Is it not possible to 
such as those used to repair blast furnaces? Or, would it 
be possible to devise an innovative idea for obtaining an 
enhanced thermal protection system? 


Preliminary design of the space station has been made 
based on the assumpt.on that it will be used for 10 years. 
Recently, voices advocating the extension of its design 
life to 20 years have been gaining momentum. In the 
design work to begin in 1987, the design life of the space 
station is likely to be set at 20 years. materials to be 
used in the space station will need to meet more severe 
safety requirements. There are a lot of problems in store. 
Even such highly durable polymers as Kapton and teflon 
can crumble when exposed to oxygen existing in an 
atomic form in the skies 300 km above the ground. How 
can astronauts and apparatus be protected from colli- 
sions with micrometeorites? It will become necessary to 
use ceramics in many parts of the space structures. To 
meet such needs, ceramists are required to ensure the 
reliability of ceramics. 
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Solar Cell Cover Glasses for Satellites 
43067611 Tokyo CERAMICS JAPAN in Japanese 
Apr 87 pp 33-308 


[Article by Tokio Kimura, Asahi Glass Co., Ltd.: “Ultra 
Thin Glass for Space”) 


[Text] 


1. Introduction 


Since the world's first artificial satellite, Vostok I, was 
launched in October 1957, many artificial satellites have 
been launched for many purposes, including test satel- 
lites, observation satellites, probing satellites and appli- 
cations satellites. 

It is not generally know that such satellites incorporate 
glass parts which play important roles. 


Such glass parts include the cover glasses for solar cell 
systems attached to satellites and the thermal control 


important space technologies 
domestically ranging from rockets to artificial satellites, 
and has succeeded in devices, parts 


producing important 
and materials for use in space. It succeeded in domestic 
— ee en 


This paper will deal with cover glasses only. First, the 
author will describe the space environment in connec- 
i of cover glasses. Next, he will discuss 
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Figure 3. Distribution of Atmospheric lon Composition 


ultraviolet radiation of that wavelength is mostly 
absorbed by the ionosphere located in space beyond an 
altitude of 20 km. Therefore, only a small portion of the 
ultraviolet radiation reaches the earth. However, its 
energy is very high in space. 


3. Cover Glasses 


3.1 Purpose of Using Cover Glasses 


The unprotected solar cells attached to a satellite orbit- 
ing the earth are damaged by the radiation of electrons 
and protons in the space environment, as described in 
Section 2 and, as a result, their performance deteriorates. 


The solar cells can be protected from such electrons and 
protons by shielding them with a cover glass. 


The cover glass prevents the solar cells from being 
damaged by particle radiation and eventually contrib- 
utes toward enabling the satellite to remain in service for 
a longer period of time. 


= 










(W/em?+ pm) 
aad 
-” 











Redietien intensity 
2 


Figure 4. Sunlight Intensity Spectrum (AMO) 
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The uncovered solar cells attached to the Japanese 
artificial satellite “Kiku No 3” became incapable of 
generation after 30 days. It is possible to extend the life 
of such solar cells to 5-7 years by protecting them with a 
cover glass. Since the life of a satellite is dependent on 
the amount of fuel left for use in correcting its position 
and the generation capacity of its solar cells, the cover 
glass is an extremely important part of a satellite. 


Even if solar cells are protected with a cover glass, their 
performance deteriorates with the lapse of time. If they 
encounter a major solar flare, their performance deteri- 
oration is magnified. 


Figure 5 shows the output transition with the passage of 
time of a solar cel! pruvected with a cover glass. It shows 
how the solar cvll performanc: deteriorates as the time 
passes and how the output drops when a solar flare 
occurs. 


3.2 Cover Glass Function Requirements 


When a cover glass is used to shield solar cells from 
radiation, it is incorporated in the solar cell system. 
Therefore, it must meet the following requirements: 


1) Radiation shielding 2) Ultraviolet blocking 3) High 
transmittivity 4) Radiation resistance 5) Lightness 6) 
High emissivity 7) Low absorptivity 


will be 
ay wy oe ed requirements 2) through 7) given 


The cover glass is to be bonded to the solar cell system. 
To bond it, a silicon-based adhesive, such as DC93500 
(produced by Dow Corning), is used. Adhesives like that 
become slightly opaque upon exposure to ultraviolet 
radiation. As a result, the amount of sunlight incident on 
the solar cell surface is reduced, eventually causing the 
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solar cell performance to deteriorate. To prevent such a 


it with minimum loss. To meet this requirement, the 
reflection prevention. 


Among the solar cells available for practical use are 
silicon photocells measuring 50 gmm in thickness. The 
cover dhihem weet tr adh titer eis @naneilly vale 
from 50 gmm to 200 gmm in thickness. 


ee eee eee 
of cover glass by thickness, respectively 


In real applications, the cover glass thickness is deter- 
mined by such factors as the radiation resistance of the 
solar cells to be used, the satellite's orbit and the design 
life of the satellite. 


3.3.2 Ultraviolet Radiation 


There are two methods of providing a cover glass to 
block ultraviolet radiation. In one method, a substance 
which absorbs ultraviolet radiation is included in the 
glass composition. In the other method, the cover glass 
surface is processed to make it reflect ultraviolet radia- 
tion. 


The substances which absorb ultraviolet radiation of 
0.28 gmm to 0.37 gmm in wavelength include Ce, Ti, V, 
Nb, At, Hf, and Zr ions. Such ions can be divide into two 
groups according to the wavelength of ultraviolet radia- 
tion they absorb. Of them, Ce, Ti, and V ions absorb 
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Figure 6. Electron Blocking Effect of Cover Glass by 
Thickness 


ultraviolet radiation of longer wavelengths, the others 
absorb shorter-wavelength ultraviolet radiation. The 
former group of ions is more suitable for inclusion in the 


glass composition of solar cells. 


Ce, Ti, and V all have a coloration effect when added to 
oe, See Se, Se See & See ee 
ultraviolet radiation of wavelengths not shorter than 0.4 
gmm is low compared with Ti and V. This means that 
Ce, if included in the cover glass composition, does not 
affect the solar cell efficiency much. Furthermore, glass 
containing Ce becomes less susceptible to radiation, so 
that adding Ce to glass is effective in preventing color 
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can be obtained by adding 5 percent CeO, to the glass 
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Table 1. Transmissivity Required of Cover Glasses 


3.3.4 Radiation Resistance 


The radiation resistance of a cover glass itself is assessed 
by measuring the detenoration of its transmissivity 
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3.3.5 Lightness 4. Reliability Management 


A lighter cover glass can be produced by adopting a glass _if satellite parts malfunction in space, they cannot be 
with smaller specific gravity and a smaller thickness. replaced. Therefore, considering the huge amount of 
However, there is a limit to reducing the cover glass 
weight in this way, since doing so results in lowering the 
radiation shielding function of the cover glass. 


The cover glasses in use are 2 cm x 2 cm’, 2 cm x 4.cm’, 
or 2cm x 6 cm’. In thickness they range from 50 gmm to 
200 gmm. A $0-gmm thick cover glass sized 2 cm x 2 cm’ 


weighs about 50 mg. 


As larger solar cell systems come to be used in the future, 
larger cover glasses will be required. If a large cover glass 
is made of very thin glass, it may warp. In addition, a 
larger and thinner cover glass will be more difficult to 
bond to a solar cell system and will require more care in 
handling. Considering these points, it is likely that, as the 
cover glasses are made larger in the future, their thick- 
nesses will also be increased. 


3.3.6 Emissivity and Absorptivity 


The OCLI Corp. of the United States has marketed cover r-=3---; 
glasses frosted by caemical etching to raise the emissiv- 
ity. Ordinary cover glasses have an emissivity of approx- 
imately 0.87. 


bey = tte bam op aut according to 
the energy conservation law 


3.3.7 Types of cover glasses 


The cover glasses are divided into two types as shown in 
Figure 9. 


Figure 10 is a block diagram of the production process 
used by Asahi Glass Co. in producing type-! cover 
glasses. 
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Table 3. Durability Test Items 
For parts for ground use For parts for space use 
Fusibshity Thermal cycle 
Morsture resistance Vacuum resistance 
Storability 


At present, the use of glass in space is limited to light 
parts, such as cover glasses and mirrors for thermal 
control, since the capacities of booster rockets are limit- 
ed. 


Unlike plastics, glass does not produce gases while in use. 
Its weather resistance in space is high, and is an optimal 
material for parts to be used jn space. 
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The figure for the Ministry of Transportation is Y35 
million (up 7.3 percent), to deal with private plans for 
concentrated storage of low-level radioactive wastes at 
Rokkasho-mura in Aomori prefecture, MOT will put in 
Y24 million (up Y2 million) needed for the survey and 
analysis necessary for formulation of safety standards for 
transportation of radioactive substances and Y3.7 mil- 
lion to confirm the safety of transportation of radioac- 
tive substances. It will also spend Y3 million for lectures 
and guidance on the safe transportation of radioactive 
substances, and Y3.5 million for development of 
nucleared powered ships; these amounts are the same as 


last year. 


Ree Sone Oy Se eer Se ene, Forestry and 
Fisheries is to be Y362 million (up 13.6 percent), all for 
a project for eradication of melon flies in the Amami 
Islands. 


The figure for the Okinawa Development Agency is to be 
Y1.187 billion (up 3.7 percent), all for a project for 
eradication of melon flies on Kume Islands and the 
islands around Okinawa proper. 


The Ministry of Health and Welfare is to receive 
Y580,000 (no change) for guidance, regulation and 
supervision over therapeutic equipment. 


The Ministry of Home Affairs is to receive Y 1.8 million 
(no change) for guidance on nuclear disaster measures. 


NUCEF Safety Inspection Requested 
43062005¢ Tokyo GENSHIRYOKU SHIMBUN in 


Japanese 10 Sep 87 p 2 


[Text] The Japan Atomic Energy Research Institute 
made application to the Science and Technology Agency 
on 31 August for safety inspection of its fuel cycle safety 
engineering research facility (NUCEF), which is being 
built in Tokai-mura. This facility will carry out safety 
research dealing with the back end of the nuclear fuel 
cycle, including research on critical safety, development 
of high-performance recycling processes and research on 
safety control systems for TRU (transuranic elements) 
waste. It will be the world’s first large facility of its kind 
limited to peaceful uses. 


Design and fabrication of equipment for the facility 
began in 1986. Because of the current request for safety 
inspection, it will receive its first safety inspection about 
the end of November, and the second by the end of 
March, 1988. Construction of the building will begin in 
fiscal 1988, and is to be completed by 1990. 


The test facility will consist of criticality experiment 
equipment, reprocessing process experimental facilities, 
TRU waste substance experimental facilities and so on. 


In critical safety research, fixed critical test equipment 
will be used to measure the concentration of uranium- 
plutonium mixed nitric acid solvent fuel and to measure 
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the conditions of criticality with degree of enrichment as 
a parameter. Super-critical experiment equipment will 
model a critical accident, and basic data on calculation 
of nuclear outprt, temperature of solvent fuel and radi- 


the waste water recycling process to reduce core transfer 


to high-level waste water, all in order to improve safety 
measures and make processes more economical. 


There will be research on application of the precipitation 
method, a simplified extraction method and the ion 
exchange method as methods to isolate TRU wastes 
included in high-level waste water (HLW). There are also 
separation test facilities which have the purpose of 
improving safety of HLW processing and disposal. 


The facility will also develop technology for nondestruc- 
tive discrimination of TRU in wastes and technology for 
nondestructive quality checks of conditions within solid 
bodies. It will establish technology for controlling gener- 
ation of TRU waste substances, controlling categoriza- 
tion and checking quality. It is to provide basic data for 
setting values for categorization of TRU and non-TRU 
waste products. 


Using this facility, the Research Institute plans to con- 
duct joint research with universities, the Power Reactor 
and Nuclear Fuel Development Corporation and others. 


Hitachi Develops Equipment for Automatic 
Analysis of Strontium 
43062005d Tokyo GENSHIRYOKU SHIMBUN in 


Japanese 10 Sep 87 p 7 


[Texi] Hitachi Ltd. has recently developed, jointly with 
six power companies like Japan Atomic Power and 
Tokyo Electric Power, equipment for automatic analysis 
of strontium with trace radioactivity. 


Its purpose is quantitative analysis of very small 
amounts of radioactive strontium at atomic facilities 
and in the surrounding environment. 


Analyses have been made of radioactive strontium-89 
and strontium-90 in samples collected near or within 
atomic facilities. However, such analyses take about 100 
hours per sample because they require preprocessing 
including precipitation, filter. ¢ and vaporization dry- 
ing, and are thus difficult to automate. 
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Moreover, interfering radioactive substances mixed in 
the sample must be removed first; there is great need for 
automation of strontium analysis. 


In response to that situation, Hitachi began development 
with the goals of analyzing concentrations down to .00!1 
picocune per milliliter without regard to the presence of 
other nuclei in the sample and of automating that 


liquid-phase strontium by 
means of ion exchange and liquid chromatography 
of such interfering nuclei as cobalt- 


forming compounds 

60 and chrome-5!1. They then developed beta ray detec- 
tors of the flow cell type that were capable of measuring 
ane Cee a Oe 
maximum efficiency for detection of strontium beta 
rays. 


In this way they succeeded in automating the processes 
of separating interfering nuclei, concentrating the stron- 
tium and measuring the beta rays, all in the liquid phase. 
The working time needed for analysis is reduced sharply, 
to 12 hours per sample, and accurate quantitative anal- 
ysis is possible even when other radioactive substances 
are 100 million times more concentrated than the stron- 
tium. 


AEC Establishes Expert Group to Promote Basic 


echnology 
4306200Se Tokyo GENSHIRYOKU SHIMBUN in 
Japanese 17 Sep ®7 pl 


[Text] The Atomic Energy Commission decided on the 
11th to establish a Group of Experts for Promotion of 


subgroups will be established uno sr the group of experts; 
they will deal with (1) materials for use in 
atomic energy, (2) artificial intelligence technology for 
use in atomic energy, (3) laser for use in 
atomic and (4) technology for evaluation and 


of breakthroughs in the system of atomic energy technol- 
ogy. 


Earlier atomic energy R&D had been intended to realize 
specific atomic energy facilities. That is, it has been 
largely an effort to catch up with advanced countries 


through implementation of projects. 


Consequently, although the ability to solve immediate 
probiems has been established, one can hardly say Japan 
has established the sort of broad technical base necessary 
for technical breakthroughs or the emergence of creative 
technology. 





ADVANCED MATERIALS 


The goal of the basic technology development presently 
envisioned is to break out of the present status and 
actively undertake the development of creative technol- 
ogy that can be shared by a variety of atomic energy 
projects, and thus seek breakthroughs in the system of 
atomic energy technology. 


The safety and reliability of the atomic energy system 
will be further enhanced by this means. 


The commission will convene the first meeting of the 
group of experts in October. It is to work out a concrete 
R&D plan by the end of this fiscal year. 


It has been decided that future studies will focus on (1) 
materials technology for use in atomic energy, (2) artifi- 
cial intelligence technology for use in atomic energy, (3) 
laser for use in atomic energy, and (4) tech- 
nology for evaluation and reduction of radiation risk. 


The study of atomic energy materials technology is to 
focus on such things as RAD on materials which can 
withstand radioactivity, and development of materials 
which, when exposed to radiation, tend not to become 
radioactive themselves. 


In the area of artificial intelligence technology, there will 
be an attempt to develop self-directing robots to break 
out of the constraints which radiation puts on the 
operating environment of atomic power stations. The 
group will also undertake development of autonomous 
plant control technology for control of complex opera- 
tions. 


In the area of laser technology, the group will attempt to 
develop technology to raise the level of existing lasers by 
increasing their power or providing variable wave- 
lengths, and to develop new lasers such as free-electron 
lasers. 


And in addition ot conventional epidemiological surveys 
for evaluation and reduction of radiation risk, there is to 
be research which extends to the genetic realm. 


The following members will make up the group of 
experts: Makoto Ikegame (Federation of Eiectric Power 
Companies), Kunihiko Uematsu (Power Reactor and 
Nuclear Fuel development Corporation), Keiichi 
Oshima (formerly Tokyo University), Mikita Kato 
(Kyoto University), Eiichi Goto (Tokyo University), 


Sawaoka (Tokyo Institute of Technology), Koichi Shi- 
moda (Keio University), Ken Sugiura (Electrotechnical 
Laboratory), Kozo Sugiyama (Nagoya University), 
Atsushi Suzuki (Tokyo University), Itsuhiko Seshima 
(Japan Electrical Manufacturers Association), Masami 
Tanaka (Saitama University), Yoshinobu Tsutsumi (for- 
merly Nihon Keizai Shimbun), Toyozo Terashima (Na- 
tional Institute of Radiological Science), Ryuichi Naka- 
gawa (National Research Institute for Metals), Bunjiro 
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Fukeda (Japan Atomic Energy Research Institute), Yoi- 
chi Fujiya (Tokyo Institute of Technology), Shigeteru 
Fujita (Kyoto University), Mitsuo Maeda (Kyushu Uni- 
versity), Ryoichi Mori (Iron and Steel Institute of 
Japan), Kazuhisa Mori (Japan Atomic Industrial Forum 
), Hirokore Yoshikawa (Tokyo University), Haruyoshi 
Akita (Tokyo University). 


STA Atomic Energy Regional Center 
43062005f Tokyo GENSHIRYOKU SHIMBUN in 


Japanese 17 Sep 87 p 2 


[Text] The Science and Technology Agency has drawn 
up the concept of an atomic energy regional center for 
Asian regional cooperation in technology acquisition 
and training in relation to atomic power systems and the 
use of radioactivity in medicine and agriculture. This 
concept is intended to make effective use of the Asian 
region's limited talent and capital, and to raise the level 
of the region as a whole. Japan, as an advanced atomic 
energy country, is to support the project and actively 
cooperate until the stage when the various countries can 
use the technology and reap its profits. 


Because it would take large amounts of time and capital 
for each country to individually prepare all the facilities 
of this concept, the center will be jointly used by the 
Asian countries in accordance with the needs of each and 
focused on the fields considered most appropriate in 
terms of the research potential of the individual country. 


Until now Japan, as the advanced atomic energy country 
of Asia, has cooperated with individual countries by 
establishing an atomic energy research exchange system, 
and by inviting in researchers of developing countries 
and sending out Japanese researchers. 


In the midst of this activity, atomic energy research has 
been going forward among neighboring Asian countries 
in recent years, and at the same time there have been 
increased numbers of requests for Japanese cooperation 
in different forms. Thus in order for Japan to effectively 
provide cooperation suited to the needs of the particular 
situation of each country, STA came up with the concept 
of establishing an atomic energy regional center. 


STA says that to promote this concept, it is important to 
have an accurate grasp of the situation of each country, 
and “to gain consensus; cooperation cannot be forced.” 


The first step of the process will be to build consensus 
and push a framework for support in FY 1988. Then 
there will be surveys of the situations of individual 
countries, concrete studies of what kind of center should 
be built, and studies of the content of cooperation that 
will be possible for Japan. 


Then in 1989 Japan will undertake actual creation of the 
center and expansion of its domestic framework. 


ADVANCED MATERIALS 


Looking at the status of atomic energy development in 
various Asian countries, South Korea has put its efforts 
into the safety field, and the PRC has expressed great 
interest in reactor operator training. Indonesia hopes to 
receive experts and exchange personnel in connection 
with construction and operation of a neutron diffraction 
device. Malaysia desires cooperation in the use of radio- 
activity in the fields of medicine and the agricultural 
industry. And Thailand has put its effort into irradiation 
of food products. 


Reprocessing Facility to Resume 
43062005g Tokyo GENSHIRYOKU SHIMBUN in 
Japanese 17 Sep 87 p 2 


[Text] On the 16th the Power Reactor and Nuclear Fuel 
Development began shearing spent fuel for 
the final inspection in the Tokai Reprocessing Facility's 
4th Regular inspection. The Regular Inspection is to be 
completed in November. The facility will resume oper- 
ation, and is expected to process a total of 27 tons of 
spent fuel by the end of the year. The plan is to reprocess 
about 50 tons during the entire fiscal year. 


This year is the 10th anniversary of the Tokai Repro- 
cessing Facility, which began reprocessing spent fuel in 
September, 1977. As of the end of August the cumulative 
amount processed had reahed 347 tons. 


“Mutsu” Moves Offshore 
43062005h Tokyo GENSHIRYOKU SHIMBUN in 
Japanese 17 Sep 87 p 2 


[Text] The Japan Atomic Energy Research Institute, on 
the 9th, moved the atomic-powered ship “Mutsu,” 
which had been berthed at Ominato harbor in Mutsu, 
Aomori, about 10 km offshore in Mutsu Bay for inspec- 
tion and repair of the wharf cranes. 


The “Mutsu” will move under its own power, using an 
auxiliary boiler. It will stay out until the 21st, then return 
to Ominato harbor. 


The crane at the wharf at Ominato harbor is to be 
transferred, following inspection and repair, to the new 
harbor at Sekinehama. 


Safety Commission Use of New Fuel 


orm 
43062005i Tokyo GENSHIRYOKU SHIMBUN in 
Japanese 17 Sep 87 p 2 


[Text] The Nuclear Safety Commission approved, on the 
10th, the use of “fuel rods with 36 elements of uranium 
dioxide plus gadolinia” and “fuel rods with 36 elements 
of mixed uranium and plutonium oxides with axially 
distributed enrichment” in the heavy water critical 
experiment facility at the Power reactor and Nuclear 
row Development Corporation's Oarai Engineering 
enter. 
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It determined that safety could be assured in the design _—‘ the reactor core would not be changed by the use of fuel 
of fuel concentrates in that (1) the addition of chemically _ rods with an axial distribution of plutonium enrichment. 
stable gadolinia would not have a deleterious effect on 

the rod sheathing and (2) maximum thermal output in 9601 
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of Aircraft Markets Discussed 
4306403 1b Tokyo KABUSHIKI NIPPON in Japanese 


cal influence is large, and it is expected that the aircraft 
and space industry will be highly advanced, becoming 


: 
: 
g 
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this passenger airplane class, and is being undertaken by 
MHI, KHI, IHI (Ishikawajima-Harima Heavy Industries 
Co., Lid.), etc. Japan will participate in both projects on 
an equal footing with the West. In the future, Japanese 
enterprises will become indispensable for overseas air- 


billion, and will contribute advanced technology to the 
overseas aircraft industries. 


In 1985, the Japanese aircraft industry sales totaled 
Y750 billion, and the SJAC (Society of Japanese Aecro- 
space Companies, Inc.) anticipates that this amount will 
reach Y1.8 trillion by the year 2000. Therefore, it is 
highly expected that the aircraft market will be extended 
in the future. 


AEROSPACE, CIVIL AVIATION a3 


the summer of last year, has a launching capacity of 2 
tons, and will be launched in 1992. The H-I Rocket has 


promoted, 5) there is a little trade friction between Japan 
and the West, etc. 


The industrial world also expects the large expansion of 
aircraft markets, and asks for business opportunities in 
the aircraft and space field. 

The main enterprises are shown below; the tendency for 
these industries to use high technology is attracting 
attention. 


Rocket-related enterprises: MHI, KHI, THI, and Nissan 
Motor Co., Lid. 


Satellite-related enterprises: Hitachi, Lid., Toshiba 
Corp., MEC, NEC Corp., and Fujitsu, Lid. 


20143/09599 
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Front-runners in Bioelectronics Technology 
Discussed 


43066502 Tokyo TOSHI KEIZAI in Japanese 
Oct 87 pp 42-43 


[Article by Yuta Sagara, science journalist: “Bi 
Innovative Technology Stimulating Development™] 


[Text] Front-runner in Biosensor Development 


Targeted for realization at the beginning of the 21st century, 
research and development of bioelectronics, which combines 
biotechnology and electronics technology, have become 
active. Roughly speaking, trends of RAD are classified into 
those which place importance on application of brain and 
nervous systems to computers, development of bioelemeats, 
and development of a biosensor which makes use of a living 
body's identifying capability. 


Some animals have the capability of identifying very minute 
amounts of substances which create smell and taste. The 
immunity system is at work in the body of a human being, 
and in this mechanism, the force which detects and identifies 
the very minute quantity of foreign substance is also at work. 
The biosensor is what measures the density of biochemical 
substance using the natural capability of identifying a very 
minute quantity of substance. The biosensor converts chem- 
ical signals created by a living body's substance identifying 
capability to electric signals. 

For a living body's substance identification, enzymes 
and antibodies are used as the “living body's catalyzers.” 

The biosensors commercialized so far fix such living 
body catalyzers to transducers (converters) such as elec- 
trodes. The first biosensor was developed in the United 
States to measure the quantity of glucose (grape sugar) in 
the blood. This sensor is obtained by fixing thin films of 
the enzyme called glucose oxidase to enzyme electrodes. 


In: Japan, Fuji Electric Co., Lid., Toa Electronics, Lid., 
Toyobo Co., Lid., and Omron Tateishi Electronics Co. have 
commercialized biosensors for glucose measurement. Also, 
Toyo Jozo Co., Lid., has developed a food analysis biosensor 
for measurement of six items, including, glucose, lipid, 
alcohol, etc. and Nisshin Electric Co., Lid., has developed a 
biosensor for measuring waste water BOD. 


Recently, leading electronic device manufacturers, such 
as NEC Corp. and Mitsubishi Electric Corp., have suc- 
ceeded in developing an ion sensing field effect transistor 
(ISFET) by applying semiconductor technology to a 
transducer that is attracting attention as a means for a 
breakthrough to the realization of bioelements. 


Realization of Biocomputer Sought 

The biosensor, whose development is in progress, is still 
only an “introduction” to bioelectronics and the central 
figure to be realized is the biocomputer with functions 
comparable to that of man's brain. An approach to such 
biocomputers is to apply the living body's molecules, 
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[Unnumbered figure] Structure of ISFET Semiconductor 
Sensor 


such as protein, to the material of an element which 
configures a computer. Such an element is called a 
“bioelement.” The concept of bioelements was proposed 
for the first time in 1980 by Dr J.H. (McAler-) at 
Jentronics Laboratories Inc., a U.S. venture business. 


The bioelement proposed by Dr (McAleer) consists of a 
unit called (molton). The molton joints monochronal 
antibodies and enzymes and its size is represented by 
one side of about 100 angstroms. (One angstrom is 
100-trillionth of a meter.) 


If moltons are spread over a 1 cm?’ chip, the entire 
surface would be covered by | trillion moltons. This 
means the birth of a memory element whose capacity is 
as large as 1,000G bits. Such a memory capacity is 
absolutely impossible for the current silicon semicon- 
ductor to realize. 


Of course, whether such a memory element can be 
realized or not is unknown, but Japanese manufacturers 
have high expectations for such a memory clement. 
Seven companies, ¢.g. Toshiba Corp., Sharp Corp., 
Toray Industries, Inc., Ajinomoto Co., Inc., Kao Soap 
Co., Lid., are grappling with R&D of the element. 
MITI's Agency of Industrial Science and Technology last 
year also started a bioelement developmental project in 
cooperation with the private sector. Billions of yen have 
been budgeted for expenditure over a 10-year period. 


As an approach to apply the living body's high molecules 

to electronic elements, Hitachi, Lid., and Mitsubishi 

Chemical Industries, Lid., are conducting research on a 

minute circuit-pattern forming technology. This technol- 
clement” 


than those of a living body's high molecules and the 
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molecule films each of which is an aligned molecular _ing the nervous systems of si 

layer of 1 molecular thickness. ee ee ene Say OP ee oe de 
vous system of a human being. nited States and 

For development, it is important to brain nervous system apan is expected to make 

develop bioelements, clarifying the information process- pan eyed seedy deer ape tp me. 


the results to biocomputer architecture. At 
present, the functions being sought are those which “he United States and Europe. 
resemble that of a human being’s brain, such as pattern 


detection of and automatic correction of errors; 3) com- 
patibility with a living body to allow implantation; 4) 4 s944008 Tokyo PUROMETEUSU in Japanese 


superiority in the function similar to a living body's Noy 97 py 23-26 


tive and creative thought. [antici from the Life Sci Division, R . ae 
At present, study of the brain and nervous system is the Development Bureau, Science and Technology Agency] 


i T il (chairman: Prime Min- _ [Excerpts] Today, the number of AIDS patients exceeds 
Science and Technology Council (chairman: Prime Min- $0,000, and the infection is ape = 
scientific and technological policies in J . but also issue. Under these circumstances, it is important 
the Ministry of Education, Culture, and Science, the Japan, where the number of AIDS patients is still low, to 
Ministry of Health and Welfare, and the Science and yt ge renperaeneeentng Lape 2s dredge 
T , will start ith this field consequence, 

—s grappling with this pape : phage 

at the 20 February meeting of this year to plan compre- 
Among private enterprises, NEC Corp. is promoting hensive promotional efforts with close liaison among 
research on the nervous system function of nematodes _ related governmental organizations, thus embarking on a 
and Mitsubishi Electric Corp. is researching the nervous national AIDS control program. 
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AIDS Onset Status in Japan (as of 16 June 1987) 


No. of patients No. of deaths 


12 (3) 6(1) 
sexuals 
Heterosexual 4(2) 32) 
contacts 
Coagulation 26 17 


Unknown 1 1 
27 (3) 


Note: ( ) entries are foreigners and duplicate listings. 


On 24 February of this year, the immediate policies to be 
promoted as AIDS control measures were compiled, and 
ee eee ae 


On 27 March of this year, the Anti-AIDS-Related Cabi- 
net Council decided to establish the Anti-AIDS Expert 
Council in order to plan and promote policies related to 
AIDS control measures. The members of the above 
Expert Council are: 


Yuichi Shiokawa (Professor Emeritus, Juatendo Univer- 
sity), Chairman; 


Yoji Igawa (Chief investigator, Institute of Physical and 
Chemical Research), 


Nobuo Egami (Director, National Research Institute of 
Environmental Pollution), 


Akira Oya (Deputy Director, National Institute of 
Health). 


Toshitsugu Oda (Director, National Hospital Medical 
Service Center); 


Ken Odaka (Professor, Institute of Medical Science, 
University of Tokyo), 


Shiro Someya (Advisor Emeritus, Institute of Public 
Health). 

Shoshichi Nojima (Dean, Faculty of Pharmaceutical 
Sciences, Teikyo University); 

Harumi Haneda (President, Japan Medical Association); 





twice. 
an take ietn ee Gee 
and was submitted on 16 July by the chairman, Shio- 
aame, wo Oe Se 8 See See, Se, Se 


Policies for Advancing Research 


quently, it is necessary to encourage the participation of 
researchers in broadly related fields and take measures to 


(3) Promoting International Exchange 


Due to the characteristic nature of AIDS that it is mainly 
spread through blood and semen, not only geographic 
conditions, but also the lifestyle of people or historic and 
social factors are very much involved in its epidemic. In 
addition, individual countries are at different levels of 
research progress in various fields related to AIDS. 


Consequently, to promote AIDS research in Japan, it is 
necessary to strive for an exchange of research results 
from the international viewpoint according to the 
achieved status in Japan. For example, in fields where 
excellent results in basic and clinical therapeutic 








JPRS-JST-88-001 
3 March 1988 


research have been observed in other countries, it is 
important to send researchers overseas as well as invite 
researchers from abroad in those fields to actively pro- 
mote an exchange of researchers and information among 
research organizations, and to promote the necessary 
cooperation with those nations seeking the transfer of 
research technologies from Japan. 

As policies to promote these goals, it is important to 
promote the international exchange between nations and 
enhance cooperation with WHO's AIDS special pro- 
gram. 


(4) Utilization of Private Resources 


In advancing AIDS research, collaboration between 
industry, academe, and the government is strongly desir- 


Furthermore, it is necessary to assist private organiza- 
tions advancing AIDS research and actively nurture 
these organizations so that the utilization of private 
resources will proceed smoothly. 


Conclusion 


The advancement of AIDS research is the essence of 
AIDS control measures in various nations. 


The Anti-AIDS Expert Council will hold appropriate 
conferences as needed in the future and deliberate on 
specialty items related to AIDS control measures. 


AIDS Research at STA 
43066008 Tokyo PUROMETEUSU in Japanese 
Nov 87 pp 26-29 
[Article from the Life Science Division, Research and 
Development Bureau, Science and Technology Agency] 


[Excerpts] AIDS Research in FY8S 


In Japan, an AIDS patient was formaliy confirmed in 
1985 for the first time. Because of the concern that the 


The STA’s Science and Technology Adjustment 
(abbreviated as “Adjustment Fund” hereafter) is used 





which is believed to increase as the disease progresses. 


The task was given to a research team at the Health and 
Medical Services Bureau of the Ministry of Health and 
Welfare with a total research fund of Y53 million. 
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Figure 1. AIDS Research Promotion System Chart 
Key: 
|. Anti-AIDS Related Cabinet Council 
2. Anti-AIDS Expert Council 
3. Executive meeting 
4. Interagency liaison meeting 
5. Triministry and agency research liaison meeting 
6. MHW 
7. Ministry of Education 
8. Science and Technology Agency 
9. Anti-AIDS Council 
10. Surveillance Committee 
11. Research Planning Commitice 


Research is currently studying a special HIV research 
and exchange program with various research 
organizations abroad to be started in FY88. 

AIDS Research at MHW 


43066008 Tokyo PUROMETEUSU in Japanese 
Nov 87 pp 29-32 


Article from the Office of Infectious Disease Control, 
and Medical Services Bureau, Ministry of Health 
and Welfare] 





[Excerpts] Introduction 
AIDS research at the Ministry of Health and Welfare 
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also formulated the first AIDS diagnostic standards in 
Japan and built the foundation for a surveillance system 
for AIDS which began subsequently. 


AIDS patient surveillance also began in Japan in 1984. 
and in order to establish a testing technique and further 
assure the safety of blood, the “Post-Transfusion Infec- 
tions Research” team began studying AIDS. Based on 
these research results, antibody tests will be required for 
all donated blood beginning in 1986. 


In addition, since it has been proven that the causative 
virus of AIDS is a type of retrovirus related to the ATL 


: 


(adult T-cell leukemia) virus, the “ATL Onset, Preven- 
tion, and Treatment Research” team of the Anticancer 
10-Year Strategic Task Force also began examining the 
virus as an ATL-related virus. 


‘ 
z 


socially important issue by the end of FY 86, the 


“Research on HIV Carrier Infections and Onset Mech- 
anisms” was established with the cooperation of the 
Science and Technology , as well as the “Urgent 
Research Development of an AIDS Virus Assay 
Technique™ (from the Adjustment Fund for the Promo- 
tion of Science and Technology of the Science and 
Technology Agency). Consequently, not only the past 
research centered on infection prevention and diagnosis, 
but also urgent research has begun to save the already 


Table 1. Aati-AIDS Measures for Preventing an Epidemic 


1. Early Detection of AIDS Patients. etc. 
September 1984 


February 1987 


1. Cc ing C for Concerned 
ary Up Counseling Corners for People 


July 1985 


March 1987 


ing to the office chief's advice, “Points to keep in mind 
im the prevention of AIDS infection” 
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Table 1. Anti-AIDS Measares for Preventing an Epidemic 


IV. Setting Up a Testing System 


A screening tesi (primary test) ss available a1 vanous 
ical ; sy 


for car- 
rying out an IFA test (verification test) at the National 
Institute of 


Testing for anti-HIV antibodies began on all donated blood. 


“al . " ” 
Prepared = 177—- wie a 


Prepared “AIDS in Japan™ as a textbook for guidance purposes. 
Prepared a pamphiet, “What Is AIDS?” 
“AIDS” (the U.S. Public Health Service 
Prepared ( 


pee one commences a revised edition of the 
sumed —y oe “Handbook 


Prepared AIDS diagnostic standards. 
Vetel enenteasing teste ensried ous to detecenine the peesense of 


Research on the safety of blood. 
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Table 1. Asti-AIDS Measures for Preventing an Epidemic 


: 


Future AIDS Research 


The FY87 AIDS research plan has four major 


| 


The first component involves research on onset preven- 
tion and treatment which was urgently initiated at the 
end of last year. They will strive to expand and substan- 
tiate research based on the latest scientific findings. 
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consider HIV-2 as a future problem. 
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Research on IFA (indirect fluorescent ) 
: . antibody technique) 
Research on [AHA (immune adherence hemaggiutunation tech- 


Research on AIDS infecuon and onset mechanisms. 
Research on onset prevention and the treatment of HIV carn- 
en 


2 oe oe oe oe 


research team is composed of a total of 28 researchers 
with Professor K. Odaka representing the resea: ch team. 


In parallel with the overall advancement of research 
concerning (i) viral structure, function, and vaccine, (ii) 
HIV infections, (iii) AIDS pathology, (iv) HIV and AIDS 
plans for information exchange and research presenta- 
tions, etc. among the researchers. 


In addition to the research introduced above, there are 
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highly valued for AIDS use. 
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Table 2. Summary of AIDS-Related Research 
Research teas Team leader budget 83 84 85 8 





Research team on AIDS fect- 
finding (FY83) 


Team leader: A. Abe 
(Professor, Teikyo University) 





Research team on Post- 
transfusion infections 


(FY84 - ) Research, 


Team leader: Y. Hinums 
(Professor, Institute of Virus 


Kyoto University) 





Research team on ATL onset, 
prevention, and treatment 
(FY84 - ) 


Chief investigator: M. Miwa 
(Deputy director, National Cancer 
Center Research Institute) 





Research team on AIDS 
diagnosis and treatment 
(FY8s) 


Team lesder: Y. Shiockawa 
(Professor emeritus, Juntendo 
University) 





Research team on AIDS 
infection and onset 
mechanisas (FY86 - ) 


Team leader: Y. Shickawa 
(Professor emeritus, Juntendo 
University) 





Research team on Pharua- 
ceuticals development 


(FY86 - ) Institute 


Team leader: K. Kanei 
(Deputy director, Natiocal 


of Health) 





Research team on onset 
prevention end treateent of 


HIV carriers (FY86 - ) School of 


Team leader: K. Yamada 
(Professor, St. Marianna 


Medicine) 





Urgent research on develop- 
pent of an AIDS virus assay 
technique (FY86 -) 


Team leader: K. Kurisura 
(Professor, Tottori 
University) 





Defensive Manufacturers of Blood Preparations 


AIDS has unmistakably brought forth trying times for 
pharmaceutical manufacturers of blood preparations. 
Uniess they successfully overcome this period, it may 
destroy them. 


The number of AIDS patients in Japan is publicly 43 (as 
of July) and most of them are hemophiliacs. This is 
because the AIDS virus is transmitted bloc 4. 


Blood preparations are produced for vanous uses by the 
fractionation and purification of blood collected through 





donation and purchase. The AIDS virus contam- 
eetietaniant eadiataiaeemees vill 
and IX, fibrinogen occur (called the “secoad fraction”). 


Although no one suspected contamination by the AIDS 


In Japan, concentrated factor preparations produced in 
the United States were used from 1978 to 1984, and 
30-60 percent of hemophiliacs have been already infect- 
ed 


7722/6091 
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Table 1 


Major AIDS therapeutics Japenese firms are developing and supplying 





Kame of drugs 


Developing firs 


Achievements 





Retrovir 
(azido- 
thymidine) 


Lentinan 


Picibanil 


Minophagen C 
(glycyrrheti- 
nic acid 


Isoprinosine 


Sumiferon 
(alphe- 
interferon) 


Feron 
(beta 
-interferon) 


U.S. Burroughs 
Wellcome; Imported 
by Kippon Wellcome 


Ajinomoto 


Chugai 
Pharmaceutical 


Minophagen Pharma- 
ceutical Main . 
Office 


Newport Pharma- 
ceuticals, U.S.A.; 


Imported by Mochida 
Pharmaceutical 


Wellcome, U.K.; 
Produced by Sumi- 
tomo Pharmaceutical 
through technical 
licensing 


Toray 


Approved by the U.S. Food and Drug Administra- 
tion in March 1987. Due to harmful side 
effects caused by using large doses, combined 
use with other antiviral and immunoregulators 
such as acyclovir is « problem. Virus reverse 
transcriptese inhibitor. 


A polysaccharide extracted from Shiitake 
mushroor is the major ingredient. Originally 
am anti-cancer action enhancer by 
immunostisulation. 


Anticancer drug with ismunostisulation. 
Killed hemolytic streptococcus is the chief 
ingrecient. 


Immunostimulant and antiviral actions have 

been reported. Since it has no reverse trans- 
criptase inhibiting activity, it demonstrates 
the action through interferon induction. 


Therapeutic for subsecute sclerotic total 
encephalitis. Inhibits viral proliferation. 


Immunostisulating anticancer drug. Also 


effective against hepatitis B. 


Immunostisulating anticancer drug. Also 
effective against hepatitis B. 





*Lentinan and picibanil are in clinical trials in the United States. 


In addi- 


tion, there is « plan for clinical trials in the United States for immuno- 
stimulants developed by Fujisawa Pharmaceutical and Ueno Pharmaceutical. 
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[Article by Dr T Goto, director of Application System 
Research Division, C & C System Laboratory, NEC] 


[Text] NEC Corp. has developed the LSl-wiring expert 
ath cas a taentes of 
experts with rule formats. 


in PROLOG, 
processing portion is written in FORTRAN, in an 
attempt to shorten the calculation time and reduce the 


Necessity for Expert Systems 


The LSI wiring design determines the wiring pattern of a 
circuit on a chip base by satisfying the following three 


(1) Circuit connecting conditions: theoretical connecting 


an algorithm (automatic wiring program) 
discarded (refer to Figure 1). 


Al present, both the automatic wiring program pa a 


interactive manual wiring system are provided 
CAD system. First of all, wiring patterns are determined, 
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Bi Figure 1. WIREX System 


1. Input 

2. Output 

3. WIREX system 

4. Unconnected pattern 

5. Completed wiring pattern 
6. Knowledge base 


as much as possible, with the application of the auto- 


diagram on a display device, and reaches a complete 


The time required for automatic wiring is from several 
minutes, in the case of a small-scale LSI, to several hours, 
in the case of large-scale LSIs. However, in the case of 
interactive designing, it takes more than 10 times longer 
than the time required for automatic wiring, even with 
the application of a high-function interactive system. 
When attempting to shorten the total design time, a key 
item is how the time for the interactive design 
process is reduced (refer to Figure 2). 


In order to realize a shorter time for interactive design- 
ins. ee tap a ine distention ie 
the basic approach. For this reason, automation is sought 
for the procedures which experts currently operate on a 
display. 


A designer conducts the following procedures on a 
display: 
(1) The location of a pair of unconnected terminals on a 


chip base is found, and then it is determined which pair 
of terminals should be connected first. 
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Figure 2. Purpose of This System 
. Design time 
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existing wiring pattern is altered, with a new wiring 
out which satisfies both geometrical and electn- 





















































COMPUTERS 
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a: LSi&eanmeon 
Figure 3. Example of LSI Wiring Problem 
1. g0:Pin 
2. x: Through hole 
3. (a) Wiring demanded 
4. First-layer wiring 
5. Second-layer wiring 


and manage.rent of the program, along with the upgrade 
of functions, become very difficult (refer to Figure 3). 


Therefore, a method to easily express the design know- 
how of an expert and to facilitate its storage in a 
computer must be developed. The WIREX system is an 
expert system for LSI wiring developed in response to 
the above considerations. 


Composition of WIREX System 


(NEC MS190) with a main 
processing speed of about MIPS. The wiring conditions 
of a chip base are indicated in a 21-inch graphics display, 


Figure 5 shows the block diagram of software composi- 
tion. This system is composed of an inference system, a 
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ness 
aah is 
7-27 777+ 
med ye neohaslt 
eee of uSo>ta-? (4) 
+ (~)6MB) 
&e-FADOR 
“(sy (6) 
esvaoae J Ca ‘ oo 
ker Figure 4. Hesaware Composition of WIREX System 
1. Magnetic disk device 
2. N6935, graphic display, data tablet, function key, dial unit 
3. NEC MS computer (approx 16 MB) 
4. Console 
5. Magnetic tape device 
6. Paper card input device 
7. Paper tape output device 
8. Line printer 


On the other hand, the CAD data bases is similar to a 
such as a set of terminals which consists of a pair of 
terminals, the coordinates of these terminals, and seg- 
mental data for already connected wiring, are stored. 
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predicates. When the external function predicate is uni- 
fied upon the execution of the PROLOG program, 
interpreter transfers its control to the link phase. 
the execution of the FORTRAN subroutine, the inter- 
preter transfers the control to the PROLOG execution 
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(1) Since the know-how of an expert, which can be 
utilized by a non-expert, is provided in the knowledge 
base, it is possible for a non-expert to accomplish high- 
level designing usually done by an expert. 


gift 
He 
‘dl 
HHI 
uit 


| 
: 
i | 
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(3) It is an expert system capable of processing a problem 
of a practical scale with high speed. 


appropriate memory size using the current computer 
hardware. We should wait for the advent of the practical 
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RULE 3 (eo NET_Al: - 
BLOCKING (oe NET_A. oXET_81. 
$ OELETE (eo NET_ 8. 
SCONNECT (oe NET_AL 
SCONNECT (eo NET_ 81 


BLOCKING (eNET_A. eNET_8): ~ 
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Len P csuetc 2s seunnareen— 
Figure 7. Example of Unsolved Unconnected Wiring- 
(CADLOG) 














Since FORTRAN subroutines can be applied without 
any modifications and used in connection with the 
PROLOG processing system, which has an inference 
mechanism in this system, it is characterized as capable 
of constructing an expert system with the practical 
application of existing software. 


an eaneiones cae, Ge A eine See agen we 
tem was introduced as an example of the application of 
CAD to know!edge information processing. It 
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12, p 1,274, December 1981. 
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[Table] 
Piston Crown Cylinder Head Valve Cylinder Liner 
Conventional SCM 415 FCD 40 SUH 31 RIK 61 
material 
Insulation | 31 ZrO, Injection  2Zr02 Si3N, Sleeve 
Coating Inj. Coat. 
Insulation 2 Zr02 ~ Same Same Same 
Inj. Coat. 
Technical R&D Institute Reports Summarized the fuel injection timing is 16 and 18 degrees BTDC. As 
the insulation level of the combustiun chamber wall 
43062531a Tokyo BOEI GIJUTSU in Japanese decreases while the fuel consumption rate increases. 
87 p 42 
Sep 87 p @) 


Diesel Engine”) fuel’s igniting becomes shorter, which leads to a sluggish 

burning of the fuel, lowering the combustion efficiency 

[Text] and increasing the rate of fuel consumption while dimin- 

the maximum pressure inside the cylinder. But, it 

1. Purpose shows that with a combustion chamber made of conven- 
tional materials, the rate of fuel consumption can 


ducted using combustion chamber parts made of con- Measures as swirling the air supply and remodeling the 
ventional materials and those made of the same conven- | Combustion chamber into an open combustion chamber 
tional materials coated with molten ceramics. to prevent the fuel mist from colliding with the high 
temperature piston, we plan to continue research on a 
2. Test Procedures and Their Contents combustion chamber appropriate for insulated turbo 
compound diesel engines. 
Using the combinations shown in the table, we con- 
ducted smoke limit tests by changing the fuel injection Heat Exchanger Block 
nozzle chips, fuel injection timing, etc. — 
pd 
3. Results and Discussion 
[Article by Yoichi Nakamura, Takaaki Shimazu, and 
(1) Results Toru Yoshitomi, members of the Second Motor 


thermal spraying of ZrO,, under the conditions The problem involving the heat 
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Figure 1. Cross Section of Passage 


vehicle engines. To solve the problem, we measured the 
of fluids using a heat exchanger block, a device roughly 
equivalent to a real one, manufactured in 1985, and 
confirmed its performance. We also conducted simula- 
tion calculations in order to obtain estimates of the 
temperature distributions of fluids inside the heat 
exchanger, and the values obtained proved to be appro- 
priate when compared with the experimental values. 


2. Test Procedures and Contents 


(1) The exhaust gas from a gas turbine was the gas source 
(heat exchanger'’s inlet temperature: about 400 degrees 
C), and a compressor was used as the air source (normal 
temperature). Measurements were taken of various com- 
binations of the two types of gases, cach flowing at a 
velocity in the 0.05 - 0.08 kg/sec range. 


1 shows section of the heat 
(2) Figure a cross exchanger 


The passages on the gas side are made up of square 
blocks, each side measuring 4.5 mm, piled in seven tiers, 
while the passages on the air side are square blocks, with 
sides of 2.5 mm, stacked in eight tiers. For accelerating 
heat conduction, a spiral ribbon is inserted in the coun- 
terflow section. 


(3) Temperature measurements were taken at four points 
each on the inlet and outlet ports for gas and air, and 
measurements were also taken at 13 points on the gas 
side to obtain the passage outlet distribution. 


(4) For simulation calculations, a method of mesh divi- 
sion, as shown in Figure 2, was employed. By taking into 
account the temperature dependency of the various 
properties of the fluids and materials, heat balance 
calculations were made for cach of the elements as 
needed, and the inside temperature distribution was 


3. Results and Discussion 


In Figure 3 [omitted], the actual values are plotted on the 
heat exchanger's thermal efficiency map, obtained based 
on simulation calculations. It has been confirmed that 
the thermal efficiencies cleared the targeted threshold of 
70 percent for the rated flow levels of 0.05 to 0.06 kg/sec. 
Since the two values are in agreement for each of the flow 
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constituent materials and the use of an appropriate filter. 
We think that future research must be conducted on 
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Figure 2: Correlation Between Display Letter and Refer- 
ence Data 
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SiIRCCD Crosstalk 
43062531a Tokyo BOE! GIJUTSU in Japanese 
Sept 87 pp 48-49 
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The current measurements were taken when the entre 
Pulse Compression uf Laser 
43062531a Tokyo BOE! GIJUTSU in 


screen displayed the same letter and, therefore, problems 
remain concerning sweep time and reception level We 
now plan to analyze the frequencies of demodulated 
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crosstalk within devices using an approximate model of 
the device structure, we understood its cause and inten- 
sity, and examined the countermeasures. The following 


The SAW device has a center frequency of S8 MHz, band = describes the results of our research. 
zone of $3 to 67 MHz and diffusion time of 1.6 microns. 


1. Results and Discussion 
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2 Research Procedures and ( ontents 
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Rear 
Figure 1. Approximate Model 


emp 


Using a lens for which the MTF is already known, we 
directed step hght incident upon the devices. and mea- 
sured the output im the vicinity of t : boundaries 
between light and darkness. 


(3) Seudies of Methods to Prevent Crosstalk 


We considered several countermeasures against crosstalk 
and studied their effects by means of calculations. 


Table: Comparison of Methods 

Method 

Current 

Masking Others Except PtSi 
Ar Coating of Reverse Surface 


Back Surface 


Masking & Ar Coating 


Incident on Reverse Surface Only 


Ar Coating of Si Surface 


Ar Coating 6 Reflecting Fils 


: 


Reflecting Film on PtSi Surface 


3. Results and Discessica 
Figure 2 [omitted] shows the output waveform in reia- 
ton to the input step hght. 
The results reveal that, when the lens MTF is taken into 
account, the crosstalk to adjoming picture elements is 
about |8 percent. mt. The cause, it has been determined. is 
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Gas Dynamic Laser and Oxygen 
43062531a Tokyo BOE! GIJUTSU in Japanese 


Laser”) 


Crosstalk (%) Sensitivity Ratio 
19.7 l 

4.8 0.48 

4.1 0.47 


0.5 0.47 
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Figure 1. Biock Diagram of Discriminating System 


Recent Developments in Optoelectronics Reported 


Analog/Digital Image Processing Equipment 
43063803 Tokyo O PLUS E in 


JapaneseAug 87 pp 41-43 
[Text] Moves to automate visua’ examinations have 


on industrial image sensing technology which took place 
on 2-3 July. 


iH 
ri 
: 


photographic system and the ‘ 
The equipment carries out the image's real-time, two- 
dimensional Fourier transform, which is difficult by 
digital processing, at a high speed by using a simple 
optical system (analog processing), employing digital 


can be done in a relatively short period of time. The 
discrimination system is shown in the block diagram in 
Figure |. 


In digital processing, two kinds of threshold values are 
used to obtain an initial binary image. This is because, if 
only one threshold value is used and the object has a 
section inside with a different reflection factor, the 
image obtained often represents a shape different from 
the original object. 

These two threshold values are set as follows: Figure 2(a) 
is a photo of an electromagnetic relay. The gray level 
distribution on lines in the photo is shown in (b). As 
shown in the figure. the two threshold values are set at 









































1. Area of sections darker than T//total area 


2. Total area/square of distance d from the object surface 
to the imaging system 


4. Number of boundary lines 
As for analog processing, a BSO image transformation 


element (ITCC), in which input picture signals are 
recorded, is placed on the x-y plane of the optical system 


into a one-dimensional function on variant gv of the 
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columnar coordinates. From this one-dimensional func- 
tion Igy), the function (gv) is derived peculiar to the 
object, which does not change even when the object is 
moved or rotated, with distinction based on the follow- 
ing three feature amounts: 


5. The peak number of J(gv) (the number of different 
kinds of parallel-edge axes in the figure) 


6. The minux:um value of peak intervals (it must be 0 
when the peak number is 0 or |) (the minimum value of 
angles made by different kinds of parallel edge groups in 
the figure) 


| im “1@e0/|f" 1@r40+{" 1°@)46) 


The recognition of the object is, therefore, accomplished 
based on the seven feature amounts. Actually, however. 
the distance d is also considered to be a feature amount 


digital conversion. 







































































ta~tg: Lenses; FP: Polarizer; 


Pu: Pinhole; SH: Shutter 


Direct Adhesion Solder 
43063803 Tokyo O PLUS E in Japanese 
Aug 87 pp 43-44 


[Text] Asahi Glass Co. has recently developed solder 
(trade name: Cerasolsa) that makes direct adhesion to 
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glass and ceramics possible. It was announced at the 
laser’87 gathering held recently in Munich, West Germa- 
ny. 


The unique solder is a general lead-tin (Pb-Sn) alloy plus 
zinc (Zn), antimony (Sb), aluminum (Al), tin (Ti), silicon 
(Si), copper (Cu), etc. A special solution process is 
employed to make a uniform alloy without segregating 
these elements. It is said that oxides, which then com- 
bine with metallic oxides or oxygen of glass and ceramics 
to provide adhesion. Therefore, the new solder can boad 


anything inorganic. 


For this chemical bonding, unlike conventional solder- 
ing, no surface active materials, like flux, are required. 
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are 10-100 kHz, with outputs of 10-1, 000 watts. 


Figure 2 shows Cerasolsa’s pecling and shearing 
strengths. Type numbers represent boiling points (SDC) 
for easy understanding. The products also have good 
resistance against heat and humidity. 


against temperature changes 1s 
Same ie Oe belts ar thie toe rrors, and 
other optoelectronic parts. 


Superiattice Optical Waveguide 
43063803 Tokyo O PLUS E in Japanese 
Aug 87 pp 44-46 


[Text] The Optical Semiconductor Laboratory of Mat- 
sushita Electric Industrial Co. has recently developed 
superlattice manufacturing technology for II-VI family 

organo- 


Using this technology, the company formed a superiat- 


tice layer, consisting of 100 layers of II-VI family zinc 
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vibrator 











Chip heating 
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Figure 1. Cerasolsa Soldering System 


selenium/zinc (Zn/Se/ZnS), on gallium arsenide 
(GaAs), a Il1-V family compound semiconductor. It also 
manufactured 


the superlattice and, for the first time, conducted suc- 
cessful visible light guiding experiments on a superlattice 
three-dimensional optical waveguide with the use of a 
helium-neon (He-Ne) laser beam. 


This means that the way has been opened for the 
manufacture of a waveguide needed for optoelectronic 
integrated circuits (OEICs) with II-VI family compound 
semiconductors. That could also make the use of II-VI 
family compound semiconductors in various optical 


II-VI family compound semiconductors, such as ZnSe 
and ZnS, have a very wide direct-transition type band 
gap and nonlinear optical effects. For these reasons, they 
are said to be promising materials for short-wavelength 
optical devices, such as high-efficiency blue light emit- 
ting diodes (LEDs) and blue laser diodes (LDs) that 
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phorus (InP) III-V family compound semiconductors, 
and active efforts to develop epitaxial growth technology 
on eve family compound semiconductors have been 


Unlike the III-V family, however, the II-VI family has 
few combinations of dissimilar materials with 
matching. There are also other problems, 

prices for quality II-VI family substrates and the need to 
use dissimilar substrates wiih unmatching 

factors have hindered the development of well-estab- 
lished epitaxial technology {or thin film forming. 


controlling the band gap and other physical constants, 
and the lab has therefore been conducting research 
activities. 





aan | Capen Gp oases of Ge epee sae 
tice three-dimensional optical waveguide. The 
consists of 50 pairs of ZnSe (SOA)/ZnS (SOA 
total thickness is 0.5 gmm. A silicon dioside (SiO, file 
0.25 gmm thick, 20 gmm wide, and 1-5 mm long, 
formed to make a loaded optical waveguide. Photo 
[omitted] is the device's SEM image. 


When an He-Ne laser beam (67328A) was led 
optical waveguide, a near field view image of 


guide was confirmed for the first time. 


Figure 2 is a three-dimensional chart of transmittance 
characteristics. Although attenuation exists, as the figure 
shows, the minimum transmission loss is less than | 












































Figure 1. Structure of Loaded Optical Waveguide Device 


cm”. The lab thinks the device will become fully usable 
as an optical waveguide with the use of epitaxial growth 
and optimization of the structure. 


Superiattice manufacturing technology is, therefore, 
sSatiee in comblaion o Vi dovies and. H8-¥ dovien. 
Its advantages include no need to take into account 
lattice mismatching in selecting substrates, which 
expands the latitude of substrate selection. 


The technology has opened the way for the development 
of OEICs through the combination of III-V and II-VI 
family compound semiconductors by making a III-V 
optical or electrical device on a GaAs common substrate 
and then making a II-VI optical device. 


Coherent Optical Communications 
43063803 Tokyo O PLUS E in Japanese Aug 87 p 46 


[Text] A Fujitsu, Lid., laboratory has recently experi- 
mentally fabricated a coherent optical communications 
system (photo [omitied]) employing the frequency shift 
keying (FSK) filter detection system. It achieved trans- 
mission of information over 140 km, without a booster 
station, at a speed of 600 megabits/second and, at the 
same time, demonstrated the effectiveness of the fre- 
quency multiplexing system. 


In coherent communications, the spectra! width is small 
and a semiconductor laser with a very stable frequency is 
required. The frequency of a semiconductor laser chang- 
es, depending on shifts in ambient temperatures and 
electric current noise, causing noise. Coherent commu- 
nications systems tested so far were all very delicate 
systems requiring close observation, even on vibration 
and air flows, and many of them worked on a vibration 
isolation table for only a short time. MOreover, they 
required specially-structured light sources to narrow the 
oscillation line width, and were far from practical use. 
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Figure 2. Transmittance Characteristics of Guided Light 
The Fujitsu, Ltd., lab made deiicate sections into mod- 
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back (DBB) semiconductor laser it developed by: 1) 
with on optical Ger, end 3 
feedback 


light. At the same time, the lab made the equipment into 
a compact system that could be carried by a man. The lab 
also conducted an experiment involving two-wave fre- 
quency multiplex transmission using the same system, 
and succeeded in extracting desired information at the 
receiving end by tuning out. 


The latest success marks a major step toward the prac- 
tical use of coherent optical communications to dramat- 
ically boost transmission capacity, by using the single- 
mode optical fibcr network now being built, without any 
modifications. 


Cyclode.trin for Photochromic LB Film 
43063803 Tokyo O PLUS E in Japanese 
Aug 87 pp 46-48 


[Text] The National Chemical Laboratory for Industry 
of the Agency of Industrial Science and Technology, 
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. LB Film Manufacturing Method Single-moiecule film of organic molecules in the water surface accume- 
layer, by moving the substrate up and down. It is also possible to make mixed-LB 


and hetero-LB film by accumulating layers while changing expanded layers, one 


after the other. 
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Me 
i 
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make ultrathin film of uniform thickness that can be 
adjusted within the single molecular level layer (20-30A), 
2) molecular-level control of the arrangement and orien- 
tation of functional molecules is possible; 3) high-density 
packing of functional molecules occurs, 4) the possibility 


under normal temperature and pressure, film to 
be made without ing the functions of 

unstable compounds. Figure | shows the LB film man- 
ufacturing 


problems, resulting in low yield and expensive 


cyclodextrin, having a unique structure allowing the 
inclusion of functional 

could make a stable 
surface; 2) could accumulate on a solid substrate, such as 
_B film; and 3) could be turned into LB film with 
various organic molecules included. it also found that 4) 
LB film including azobenzene (photo [omitted]) has an 
optical memory capability. a ee 
cis-structure with the application of an ultraviolet ray, 
and from the cis- to trans-structure with a visible ray. 
The conventional azobenzene LB film (with long-chain 





alkyl) does not transform from the trans- to cis-structure, 
which is accompanied by an increase in the area occu- 
pied by molecules, because of rigidity. However, the 


{omitted]) is possible with good 
Lemay yy wey yb peeing er mda 
trin's hollow sections (Figure 2(b)). 


This 1s the first example of LB film making with normal 
photochromic molecules. The method is promising 
because it can easily turn various photochromic mole- 
cules and other functional molecules into LB film. 


Robot Movements Measured Precisely 
43063803 Tokyo O PLUS E in Japanese Aug 87 p 48 


[Text]The demand is rising for technology to measure 
the three-dimensional position of an object, such as a 
et, SAO * Se ae & eae, Se 
precision. The Technology Development Department of 
Kawasaki Heavy Industries, Ltd., (KHI) has developed a 
high-recision triangular system to measure the position 
for an object equipped with a light-emitting diode (LED) 
(infrared) by using two cameras (Figure |). 


To increase the response speed and precision, the system 
uses position sensor diodes (PSDs). It also has two axes 
of rotation, for swinging the cameras vertically and 
horizontally, to widen the field of view for measurement, 
and a function to detect the angles of rotation with 



































Figure 1. System Configuration 


encoders. It should also be noted that, because individ- 
ual PSDs have different nonlinear position detecting 
characteristics, the system improves precision by cor- 
recting the nonlinearity. 


The department uses the following method to obtain the 
LED coordinate on the traveling object based on the 
PSD coordinate. 


From Figure 2, the absolute coordinate of point P can be 
obtained as follows: 


(hiXe, biYouks)'=C,(XYZ1)' 
(hsXex AY evks)'=C,{XYZ1)' 


where h, and h, are coefficients. 


C, and C, are 3 x 4 matrices with each of the 12 elements 
called a camera parameter. The 12 unknown figures can 
be obtained from the three-dimensional coordinates of 
six points that are not on the same plane, and corre- 
sponding coordinates in the camera images. The depart- 
ment works them out by measuring more than six points 
and using the least squares method for better precision. 
However, it is time-consuming to do the above calcula- 
tions every time the cameras are rotated. Therefore, the 
system carries out subsequent calculations based on 
encoder rotation angles. 


When measurement was made by the above method, 
putting the LED on an XYZ table that could be posi- 
tioned in units of 20 gm, high precision of +/-0.5 mm was 
achieved for about 85 percent of the experiments within 
a space of 300 mm’. 
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Visible Light Semiconductor Laser Output 


The newly-developed laser has a selective mesa imbed- 
ded structure, in which a thin film layer, having a crystal 
ye me nee erage waco thane gf may 
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ductor laser and Figure 2 presents current/optical output 
characteristics. 

NEC has also succeeded in optical disk write/read exper- 
iments using an optical head equipped with this high 
Output visible light semiconductor laser. It has con- 
firmed that the laser allows 1.5 times higher density 
writing compared with a conventional infrared semicon- 
ductor laser with an 830 nm wavelength range 














a-type electrode 











Figure 1. Structure of High-Output Visible Light Semi- 
conductor Laser 


New Excimer Laser 
43063803 Tokyo O PLUS E in Japanese 
Aug 87 pp 51-52 


[Text] Hamamatsu Photonics has recently put on the 
market the C2926 Series excimer laser, with interna- 
using its electron tube technology (photo [omitted]. 
The series consists of the C2926 (maximum 


repeat 
frequency 50 Hz, Y8.7 million), the C2926-01 (100 Hz, 
Y9.2 million), and the C2926-02 (200 Hz, Y10.5 mil- 
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Figure 2. Current/Optical Output Characteristics 











treble the life). Other features of the series include high 
Output stability (within +/-3 percent), good operation 
characteristics (the separation of the operation section 
from the main unit sharply expanded installation site 
selection and a compact design (the size of the beam- 
emitting section is 1,200 mm wide, 800 mm deep, and 
450 mm high). Because the lasers are solely domestically- 
made, they also feature good maintenance service. 
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Handling Equivalent to that of Domestic Wastes 


NUCLEAR DEVELOPMENTS 


‘oint Venture With West German Company 


4306.006 Tokyo GENSHIRYOKU SANGYO 
SHIM'BUN in Japanese 10 Sep 87 p 5 


Developments in Atomic Energy Industry 


3 March 1988 
PF eported 
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3 March 1988 
Priacipe! Specificamens fer the \ itrified 
COGEMMA BNFL 
4) Heal generaicd Less than 2 Less then 2k 
(at ume of trans kW per una kW per enn 
port) om average 
$) Radsation 
(Beta. 74 About 7.! 
_— 10 Ciena 10 Civenin 
(Alpha) 8 About 3.5 X 
i Cent 103 Cv/enn 
(4 years after 6 years after 
removal 
from reactor) from reactor) 
6) Solsdufted con- About 2.7 About 2.7 
tent density gcm} gcm} 
7) Sobdified con- ZISCNMI15 BS 1449 
larner maternals worse 
SUH309) SUH309) 
2) Heat Analysis 
The amount of heat generated by cach vitrified wit 
averages less than 2 kW. When 20 of these units are laced 


As a result of their evaluation, seal tightness 1s consid- 
ered adequate with standard leakage values approved for 
general and special test conditions. 


Semmary of the Hypothetic Vitrified Waste Shipping (co- 
Proposed Shipping =: Notes (COGEMA 
Comtamer acceptance conditions) 

Type-B - 

About |00 tons — 


1) Type of 


Ht 


About 110 tons 


tH 


70m 


rl 


Wy 


At cast 20 


1984 

Priacipa! Specifications for the Bitumen Solidifieds 
1) Total height About 0.9 m 
2) Owtsrde diameter About 0 6 m 
3) Weg 250-300 kg 
4) Heat genersied 06 W/unn 
5) Radiation intensity 
(Beta. gamma) About 170 Ci/unt 
(Alpha) About | Cunt 
6) Density of the solidified contents 1.31.5 gem’ 


7) Soliidified container materials §=Z8CT!7 (JTS SUS4)0LX) 





shipping containers resembie those used in proving tests 
values for maximum acceleravon and stress at the ume 


a 


Ti 


l 


At least 12 


shipping con 
lamer 
-main body 
neutron 
shiciding 
«cover 
basher 
shock 
absorber 
6) Unn 
Capacity 


12 (2 thers of 6) 


Principal Specifications of ( eacrete Solidifieds 
1) Total height About 1.7 m 
2) Outside diameter About |i m 
3) Weg About 4000 kg 
4) Heai generated 130 Wenn 
5) Radiation imiensity 
(Beta gamma) About 2.7 « 10° Ci/unh 
About 4 Ci/entt 
6) Density of the solidified About 2.8 g/cm’ 
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In addition they also decided that PNC will concentrate 
on studying the performance of man-made barriers of 
natural glass, bentonite, metallic materials, ectc., and 
natural barriers at the Tono Uranium Deposits and 
vicinity. 


JAERI will participate in the “International Alligator 
River Analog Project,” a cooperative endeavor of five 
countries: the United States, Great Britain, Australia, 
Sweden, and Japan. They will continue their studies 
based on international cooperation. 


NUCLEAR DEVELOPMENTS 


The Geological Survey Office plans to continue its 
geological studies on deep strata isolation at Tono and 
Ningyotoge. 

The Science and Technology Agency is hoping to make 
the Natural Analog Project into a broad-based endeavor 
by striving for the active participation of university and 
private-sector research organizations. 

COPYRIGHT: Nihon Genshiryoku Sangyo Kaigi 1987 
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Function of Japan Fine Ceramics Center 
Described 


43067010b Tokyo NIKKO MATERIALS in <-om 
Sep 87 pp 3-7 


[Excerpt] According to a questionnaire given by the 
Japan Fine Ceramics Association to 324 companies, 
Y870.6 billion will be spent on the production of fine 
ceramic materials this year, a slight increase of 1.5 
percent over 1986's ¢857.7 billion. Seventy percent 
of this is made up of IC packages and boards, due to 
the fact that electromagnetic materials (Y607.2 bil- 


come to approximately 5 percent. However, prospects 
are good for an overall market expansion as it is 
estimated that the production amount in 1987 will be 
Y925.1 billion or an estimated 6.3 percent increase 
over 1986, and furthermore that the amount in 1988 
will top Y! trillion. 


Furthermore, MITI predicts that the new materials mar- 
ket consisting of fine ceramics, new metals, and compos- 
ite materials will be worth Y57.9 trillion by the year 
2000, with the fine ceramics market alone growing to 
approximately Y 5 trillion. This surely makes fine ceram- 
ICS @ Promising new material. 


However, fine ceramics differs from metallic materi- 
als in that its crude fabrication, firing, processing 
technology, and evaluation methods have yet to be 
firmly established. In fact, only a small portion of fine 
ceramics’ properties is being exploited given limited 
raw materials and production technology. Fine 
ceramics in particular has a high fixed structural 
sensitivity due to fact it is a chemically composed 
material, and its quality performance is highly influ- 
enced by raw material manufacturing conditions and 
product processing. As a result, its reliability and 
duplicability is low, great barriers to its actual use. 


Thus JFCC was created as an experimental laboratory 
comparable to none in order to develop the future 
potential and utility of fine ceramics. It is a national 
center created with the assistance and cooperation of 
the Tokyo area financial world, MITI, and scholars, 
and cheered on by Central Japan's financial world. 


Research Staff of 77 


JFCC is constructed on a building site neon 
17,500 m’*. To the main steel-gridded five-story test- 
ing, research and office-display wing is added a two- 
story experimental research wing, a warehouse, and 
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so on, for a total floor area of 10,878 m’. Its total 
operating capital is Y1! billion. It employs 77 staff 
members including 50 researchers, and its business 
got underway in April. It carries out a wide variety of 
functions, 


moting small to medium business and communicat- 
ing internationally. 


However, one of the main reasons JFCC was founded 
was to promote the establishment and standardiza- 
tion of testing and evaluation methods which 
although crucial to the progress of fine ceramics have 
nevertheless been lacking until now. Without these 
standardized methods, fine ceramic has been of infe- 
rior reliability compared with metallic and organic 
high polymeric materials and the efficiency of RAD 
has been impeded. Unified testing and evaluation 
methods must therefore be established in order to 
quantitatively clarify the material properties and per- 
formance of fine ceramic and compile a substantial 
body of basic data. For example, the only test and 
evaluation methods that come under Japan Industrial 
Standards thus far are for bending strength and elastic 
modulus. It is therefore desirable for instantaneous 
rupture strength tests (tensile strength, torsional 
strength. shearing strength) and delayed rupture 
strength tests (fatigue and creep) to be quickly stan- 
dardized, making the development of these testing 
methods a major theme for the time being. 


R&D linked to expediting the implementation and 
application of fine ceramics is naturally also an 
important matter. JFCC has therefore dedicated itself 
to bridging the gap between basic research done by 
university and national research institutions, and 
R&D on actual applications done by corporations. 
This year JFCC is focusing on: 1) developing tech- 
niques for analysis and clarification; 2) developing 
nondestructive inspections, test evaluations, and 
endurance testing methods; 3) conducting investiga- 
tory research into standardizing test methods; 4) 
conducting investigatory research into impact fatigue 
destruction; 5) doing RAD on the manufacture and 
processes of molding the raw powder material; and 6) 
doing R&D on high-performance fine ceramic mate- 
rials. 


JFCC Responsibilities and Tests and Research 
Accepted 


Reroonsibilities 
i. Structural Chemistry 


Chemically analyse and clarify the constituents of fine 
ceramics, measure their chemical and crystal constitu- 
ents, and research the relation between the foregoing and 
the physical an 6 SS ae Se 
their microstructures (on the atomic and molecular 

leveis). 
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2. Functional Materials 
Measure the composition and physical properties of fine 


Research methods for measuring the thermal, mechani- 
cal, and chemical characteristics of fine ceramic struc- 
tural materials and develop a standard measurement 
method. Also, clarify the breakage characteristics of fine 
ceramics, accumulate basic data for part design, and 
establish design standards. 

Develop a usable method of measuring the composite 
thermal, chemical, and mechanical characteristics of fine 
ceramics, and furnish basic implementation data. 


Research a variety of techniques for detecting microde- 
fects in fine ceramics, and establish a measurement 
method. 


4. Manufacturing Technology 


Research the synthesis of fine ceramic particles and 
methods of measuring their characteristics. 

Research methods of preparing fine ceramic particles, 
molding (injection molding, CIP, etc.), and firing tech- 


niques (atmospheric firing, hot press, HIP, etc.). 
Develop new fabrication and firing techniques. 


5. Processing and Joining 

Research the cutting, grinding, polishing, electrical and 
chemical processing of formed and fired fine ceramic 
pieces. 


Research methods for joining fine ceramic pieces to 
metal or to each other. 


6. Others 

Process information (construct a data base). 

Tests and Research Accepted 

1. Structural Chemistry 

Qualitatively and quantitatively analyse the chemical 
and mineral constituents of fine ceramics, analyse super- 
ficial and internal defects, conduct tests to clarify the 


microstructures of fired pieces. Through the sbove, 
illuminate problems in fine ceramic manufaciure and 


design. 


2. Functional Materiais 
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Develop fuel cells such as a fixed electrolytic fuel cell. 
Develop new functional materials. 


Carry out tests on the characteristics of fine ceramic 
electronic materials. 


3. Structural Characteristics 


Measure the thermal, mechanical, and chemical charac- 
ee 


Develop and carry out fine ceramic composite charac- 
teristic tests and a variety of rig test methods. 


Develop a nondestructive fine ceramic inspection sys- 
tem. Compile a standard measurement manual for every 
type of material and shape. Compile standards on test 
pieces for nondestructive inspections. 


4. Manufacturing Technology 


Carry out tests to measure the characteristics of fine 
ceramic particle materia)s. 


Carry out every type of fine ceramic molding and firing 
test. 


Develop a very tough fine ceramic. 
5. Processing and Joining 
Conduct tests on fine ceramic cutting and polishing tests. 


Develop methods for quickly processing fine ceramics. 


Superconducting Materials Also Researched 


The center is also involved with research on supercon- 
ducting materials. A special team has been formed from 
various functional materials groups to approach these 
promising materials by testing and evaluating their char- 
clarifying their microstructures. This research may yield 
a new solution to the struggle over high temperatures 
with fiber optics. 


In addition to running their own research projects, the 
center must also accept RAD tasks from the outside. In 
1987, it has been commissioned to conduct |! different 
research projects from around the country on such 
themes as advanced processing systems. In order to 
facilitate such work, the center has established a private 
contract development department. The fact that the 
center is accepting tasks which require long-term R&D 
and highly relieble analysis and evaluation by an outside 
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public institution means that the center's work necessar- 
ily must encompass a wide spectrum of tests and inspec- 


Raton GANG WH Cele sremben. Funeiy, te 


Most Advanced Equipment Installed 


Incidentally, JFCC is installing the most advanced 
equipment in order to carry out its many sophisticated 
tests and R&D tasks. To meet the demand for high 
performance, quality fine ceramics, for instance, the 
following equipment had to be introduced: high fre- 


ture X-ray diffraction equipment. 


Because it is crucial that ceramics used in structures have 
high temperature characteristics, the center has installed 
equipment that can measure bending strength and 
dynamic elasticity at up to 1,500 degrees C. It also has 
ES Se Se Se a een eae) 
microviscosity, and general-purpose high tevaperature 
precision material testers for measuring hin tempera- 
ture torsional and bending strength. The center even has 
a microscope for nondestructive inspections that uses 
supersonic waves for internal observation and defect 
detection. 


For evaluating electromagnetic functions, there is equip- 
ment that can measure the insulation, conductivity, 
dielectricity, and piezoelectricity of functional ceramics. 
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In addition, the center has installed a meter that decants 
and optically correlates particle distribution and equip- 
ment for measuring comparative surface area for work 
involving particle body characteristics and manufactur- 
ing processes. Finally, the center has obtained a cold and 
hot hydrostatic pressure press, an injection molder able 
to mold 220 t, and a high temperature atmospheric 
reactor. 


The amount invested in these 86 high-tech machine 
models was approximately Y! billion. An additional 
Y800 million will be spent in 1987 and Y200 million in 
1988, for a total initial investment of Y2 billion to fully 
equip the center. 


Thus JFCC has established its main branch in Central 


Equipment Introduced to the Center 
Function Equipment Name Manufacturer 
Element analysis Hi-frequency light Nihon Jarrell Ash 
emission 
equipment ( 
ICP-mass VG-Isotope 
spectrometer (ICP- 
MS) 
Nitrogen and oxy- Horiba, Lid. 
gen analysis meter 
Carbon analysis Horiba, Lid 
meter 
Gas chromato Hitachi, Lid. 
graph 
Structural analysis Transparent elec- Nihon Denshi 
tronic microscope 
(TEM) 
Scanning electronic Hitachi, Lid 
microscope (SEM) 
Scanning electronic Hitachi, Lid 
microscope (SEM) 
Electron beam Nihon Denshi 
H Phillips 
X-ray diffraction 
equipment 
Photoelectronic VG-Screntific 
spectral equipment 
Light spectrometer Hitachi, Lid. 
Metal microscope Nippon Kogaku 
Thermal character- Differential heat Rigaku 
istics scale, heat expan- 
sion meter 
Heat constant mea- Rigaku 
surement equip- 
ment 
Particle character- Decanting t Shimadzu Corp. 
ietics particle distribu- ” 
tion measurement 
equipment 
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Equipment Introduced to the Center Equipment Introduced to the Center 
Function Equipment Name Manufacturer Function Equipment Name #§ Manufacturer 
ton measurement Sheet roller Ohta Precision 
Comparative sur- Yuasa lonics Pelletizer Ohta Precision 
lb] : Industnes 
a Hc Pressurized oil! Tokai Konetsu 
acon (two) 
Electric character- Resistivity mea- Rigaku Furnaces High-temperature Denpa 
istics — atmospheric fur- ieee 
nace 
Network analyser YHP Hot Denpa 
Spectrum analyser YHP ~~ Hho een, 
Piezoelectnc and YHP and others Hot hydrostatic Kobe Steel, Lid. 
dielectric strength pressure press 
measurement Super kanthal fur- Tokai Konetsu 
equipment nace 
Electrode creator ane Seswem Super kanthal fur- | Chugai Engincer- 
echnology nace 
Electnc meter — SiC generator fur- Tokai Konetsu 
. nace 
Sony Tectronics SiC tbe furnace § (Nemusu) 
(three) & others p Slici 
Normal tempera- Shimadzu Corp mane be por Matuzewe, Led. 
eee Lathe Mori Precision 
strength tester 
Vickers hardness Matsuzawa Preci- : Machinery 
meter sion Tools Prezoelectnc tool Kissier 
ay ool ~~ hrhceae Miller mates Co., Lid. 
meter sion 
meter , Supersonic wave snes Dens 
Roughness meter _—Lank Taylor Processor Kogyo 
Precision cutting Kuroda Precision 
Nondestructive Supersonic wave —— Hitachi, Lid machine Indusines 
testing microscope Other measure- 
Micro-focus X-ray Rigaku op 
ing system [phonetic] 
Material prepara- § Potmill Makino Iron- Driers (11) Tarvis Peck 
tion works Clean benches (3) Hitachi, Lid. 
Fine particle Ashizawa lron- 
grinder works 13210/09599 
— a Report on New Functional Rare Metal by S&T 
Seize: — , 
Press molding Cold hydrostatic Kobe Steel, Lid. ) = + pea NIKKO MATERIALS in Japanese 
pressure press seen pp 
Meta! molder Kagak 
200. . [Text] The Science and Technology Agency has now 
Injection molding Pressure kneader Toshin completed its “Investigatory Report Into Basic Tech- 
Lab plasto-mill Foxe Sethi Ssiee- niques for a New Functional Rare Metals 
Through Purification.” Rare metals and their com- 
Two axle bent Nakatani pounds are of great interest as high-tech materials, but 
extruder Machines Japan has almost no rare metal resources. This and the 


and 
fact that rare metals must be made extremely pure in 
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order to give them new functions led the SAT Agency to 
conduct its study of 55 types of metals, including high- 
purification techniques and accompanying ultramicro- 
analytic technology, the feasibility of creating new func- 
tions, and the future direction of RAD. Rare metals are 
vay to tepte ~ gaat amemmamaaataaaiaas 
super conducting materials. 


The report is enormous, consisting of 374 pages of size 
B4 paper. It can be broadly divided into the four areas of 
“Techniques for the high-purification of rare metals and 
their compounds,” “Techniques for the analysis of 
micro-impurities in rare metals,” “The creation of new 
functions using highly purified rare metals,” and “A 
standardized data base and standard properties.” 


The S&T Agency intends to use this report to draw up 
concrete plans for a 3-year research project that will 
begin this year on basic techniques for creating new 
functions using highly purified rare metals. 


What follows is a description of the new functions and 
their benefits, as well as the probable research topics, 
that the purification of rare metals is expected to yield 
for four functional material fields (see classification 
chart). 


The High-Purification of Superconducting Materials 
(Electronic Materials) 


- By highly purifying ULSI-related materials, not only 
could they be used as super high-integrated materials 16 
megabit DRAMs, 64 megabit DRAMs, and above, but 
ducting device could be achieved. 


ULSI-related research topics are creating a more sophis- 
ticated metal sputtering target with a high melting point 


and developing techniques for 0.01 ppbc- 
level radioactive elements. 


- The purification of I1I-V group compound semi-con- 
ducting materials is expected to achieve a high-temper- 
ature semi-conductor and a high-speed device using a 
good quality highly resistant substrate for ICs. 


I1l-V group research topics include highly purifying 
compound semi-conductors for ICs and controlling 
defects, fabricating a very pure, highly semi-conducting 
thin film, and using purity control to grow semi-conduct- 
ing boron crystals. 


- Highly purifying I-VI compound semi-conducting 
materials would make it possible to control conductivity 
and achieve short-wave long light emission using pn 
junction device. 


Research topics with II-VI materials include the control 
of conductivity in a highly-pure V-VI group compound 
i-conductor. 
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- Highly purifying semi-conducting super lattice materi- 
als would mean the successful creation of new functions 


such as new magnetic structures using rare carth super 
lattices using a quantum-well effect. 

A related research topic is the fabrication of a semi- 
conducting super lattice. 

- A very pure conducting material would clarify the 
structure of super conductors and make possible the high 
critical temperatures using Exciton and (Fri ‘ich) type 
super conductors. 


The research topics in this area are the development of a 
super semi-conductor with a high critical temperature, a 
substance that stably controls lattices, and a high tem- 
perature super-conductor. 


Laser Applications (Optical Materials) 


- The purification of optical crystal materials is linked to 
great reductions in absorption loss and optical damage 
and the achievement of a high-output laser, and is also 
expected to lead to the successful fabrication of a tem- 
perature compensating optical element crystal through 
the addition of elements. 

The related research topics are: growing a crystal for 
Sepa Sane Seem. Baeeienn o Conan cement 


crystal that compensates for temperature, and develop- 
ing a highly reliable electro-magnetic optical crystal. 


Research and the Functions for in Each of 
i ee 
Areas Research Functions/Effect 
Electronic func LSI-related maten- -super high integra- 
tons tion, speed 
-radiation resis- 
tance 
Ill-V senescom- -high-temp opera- 
pound semi-con- ton 
-high speed 
ll-Viserescom- -shori-wave, long 
semi-con- light emission 
conductivity 
super conductors = -high critical cem- 
perature 
4Frielich) type 
super 
Optical functions optical crystals -temperature com- 
pensation 
-large output 
pea -super low optical 
Magnetic functions rare carth magnets -high coercive force 
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Research Categories and the Functions Heped for in Each of the 
Four Areas of Investigation 


‘mpm iacaae -high density 
Sine biel 
-valence fluctua- 
lon 
Other functions catalysts -new catalytic 
actons 
-ong life 
-hagh activity 
nuclear reactors -heat and radiation 
resistance 
shape memory <COrrosion resis- 
tance 
we 
hydrogen absorp- -longer and more 
— storage capabilities 


- A very pure compound optical fiber material would 
make it possible to lower transmission loss to theoretical 
boundaries and pave the way for long-distance intercon- 
tunental optical transmission. 


Related areas of research are creating various compound 
fibers with extremely low loss using fluoride glass and 
halide crystals. 


Purification of Rare Earth Magnetic Mater .als 
(Magnetic Materials) 


- Highly pure rare carth magnetic materials would 
improve corrosion resistance and yield good coercive 
strength. 


Research needs to be dene on lowering the oxidation of 
rare earth magnets. 


- Purifying high density memory materials would 
improve the corrosion resistance of optical magnet mem- 
ories, vertical magnetic recording medium, and bluff- 
line memories as well as reduce bit defect and achieve 
ultra-high density. 


Related research includes improving corrosion resis- 
tance by highly purifying optical magnet memory sput- 
tering target, making a low-defect magnetic garnet single- 
crystal thin film for bdluffline memories, and 
mi-cro-structuring and chrome segregating cobalt chlioro- 
vertical magnetic recording medium. 


- Highly purifying f-electron (lanthanide series rare met- 
al) compound magnetic materials would promote the 
development of high temperature magnetic refrigeration 
materials as well as the analyses of .ne basic properties of 
heavy fermium and valence fluctuation. 


SCIENCE & TECHNOLOGY POLICY 


Research in this area centers on creating very pure rare 
earth metals and analysing the latest properties, devel- 
oe ee See Ge Se ee 
magnetostrictive materials. 
to Also 

- Highly purifying catalytic materials would make it 
possible to clarify the mechanism of catalytic actions, 
and is expected to yield a longer-lived and more active 
new catalytic actions. 


and rhodium, and prolonging the life of catalysts. 
If a highly pure nuclear fusion reactor matenal could be 


Research here hinges on the development of a highly 
pure fusion reactor material. 


- Very pure shape memory alloys would yield bio com- 
patible devices through the improvement of corrosion 
resistance, with the possibility of storing mechanical 
energy as well. 


Research must be done on improving the characteristics 


of shape memory alloys through purification and devel- 
oping an energy storage system. 


- If a hydrogen absorption and storage alloy material 
could be made very pure, it could be made to last longer 
and store more , 


Research here involves improving the performance of 4f 
(lanthanide series rare metal) hydrogen absorbant and 
preserving alloys. 


Five Important Research Topics 
The foregoing topics can be narrowed down to five major 


research issues. These are: |) research on electronic 
ee or ae ene ane 
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